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BOOK III. 
OF AFFINITY. 


'THE term affinity appears to have been first introduced into Book M1. 
Chemistry by Dr. Hooke, and it has gradually come into ge- ne 
neral use; because an appropriate term was considered as ne- 
cessary to distinguish chemical attractions from gravitation, 
cohesion, and adhesion. 

The term affinity as at present used signifies the power by 
which the ultimate particles of bodies are made to unite toge- 
ther, and are kept united. When two substances have the pro- 
perty of uniting chemically, they are said to have an affinity 
for each other. Thus sulphuric acid has an affinity for potash 
and for lime, and nitric acid has an affinity for magnesia. 
Sometimes bodies unite whenever they are placed in contact ; 
this is the case with oxygen and deutoxide of azote, and with 
acetic acid and soda. But frequently they require for union a 
certain increase of temperature or liquidity. Thus oxygen 
and hydrogen gases may be mixed, together at the common 
temperature of the atmosphere without uniting; but when the 
temperature is raised to redness they unite with great violence. 
Zinc and copper may be left in contact without uniting; but 
when they are brought into fusion they readily combine and 
form brass. Tartaric acid and bicarbonate of soda, both in 
crystals, may be pounded together without acting on each 
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other; but when the mixture is thrown into water the acid 
unites with the alkali and expels the carbonic acid. 

Newton was the first person that gave a satisfactory expla- 
nation of the nature of affinity. Since his time the subject has 
occasionally attracted the attention of chemists. But the phi- 
losophers to whom we lie under the greatest obligations for the 
light which they have thrown on this difficult department of 
Chemistry are Bergman, onion ets Richter, Dalton, Davy, 
and Berzelius. 

As no complete theory of affinity can be exhibited at pre- 
sent, it will be requisite in this book to detail the general doc- 
trines of Chemistry as far as they have been hitherto ascer- 
tained. That we may omit no part of the subject I shall divide 
the book into five chapters. In the jirst I shall consider the 
nature of affinity in general; in the second I shall treat of 
gases; in the third of Liquids; in the fourth of Solids; and 
in the fifth of Decomposition. 


CHAP. I. 
OF AFFINITY IN GENERAL. 


1. Axx the great bodies which constitute the solar system 
are urged towards each other by a force which preserves them 
in their orbits and regulates their motions. ‘This force has re- 
ceived the name of attraction. Its nature is unknown: whe- 
ther it be inherent in these bodies themselves, or the conse- 
quence of some foreign agent, are questions altogether beyond 
the reach of philosophy, because we have no method of de- 
ciding the point. One would be more inclined to the first 
supposition than to the other, as we can conceive no foreign 
agent sufficient to explain the planetary motions unless an in- 
telligent one; and, for any thing which we know to the con- 
trary, it was as easy for the Creator to have bestowed on the 
planets the power of acting on each other at a distance, as the 
power of being acted on, and receiving motion from other 
substances. 

2. Sir Isaac Newton demonstrated, that this planetary at- 
traction is the same with gravitation, or that force by which a 
heavy body is urged towards the earth; that it is possessed, 
not only by the planets as wholes, but by all their component 
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~ parts also ; that it is mutual; that it extends to indefinite dis- Chap. 1. 


tances; and that all bodies, as far as is. known, are possessed 
of it. 

3. When two bodies are brought within a certain distance, 
they adhere together, and require a considerable force to se- 
paratethem, This is the case, for instance, with two polished 
pieces of marble or glass. When a piece of metal, or indeed 
almost any body whatever, is plunged into water and drawn 
out again, its surface is moistened, that is to say, part of the 
water aide es to it. Whena rod of gold is plunged into mer- 

cury, it comes out stained indelibly of a white colour, because 
it retains and carries with it a portion of the mercury. Hence 
it is evident that there is a force which urges these bodies to- 
wards each other and keeps them together; consequently there 
is an attraction between them. Bodies, therefore, are not only 
attracted towards the earth and the planetary bodies, but to- 
wards each other. The nature of this attraction cannot be as- 
signed any more than that of gravitation ; but its existence is 
equally certain, as far at least as regards by far the greater 


~ number of bodies. 


4, In all cases we find the particles of matter united toge- 
~ ther in masses; differing indeed from each other in magni- 
tude, but containing all of them a great number of particles. 
These’ particles remain united, and cannot be separated with- 
out the application of a considerable force; they are kept to- 
gether therefore by a force which urges them towards each 
other, since it opposes their separation. Consequently this 
force is an attraction. 

Thus we see that there is a certain unknown force which 
urges bodies towards each other; a force which acts not only 
upon large masses of matter, as the sun and the planets, but 
upon the smaller component parts of these bodies, and even 
upon the particles of which these bodies are composed. <At- 
traction, therefore, as far as we know, extends to all matter, 
and exists mutually between all matter. It is not annihilated. 
at how great a distance soever we may suppose bodies to be 
placed from each other, neither does it disappear, though they 
be placed ever so near each other. The nature of this attrac- 
tion, or the cause which produces it, is altogether unknown ; 
-but its existence is demonstrated by all the phenomena of 
nature. 


5. ‘This attraction was long accounted for by supposing that aceribea to” 
there existed a certain unknown substance which i mpelled al] ™P"sion, 
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Book rit. bodies towards each other ; an hypothesis to which philosophers. 
“~— had recourse, from. an opinion long admitted as a first prin- 


ciple, “ that no body can act where it is not;” as if it were 
more difficult to conceive why a change is produced in a body 
by another which is placed at a great distance, than why it is 
produced by one which is situated at a small distance. It is 


But without Not only impossible to explain the phenomena of attraction by 


reason $ 


impulsion, but it is as difficult to’‘conceive how bodies should 
be urged towards each other by the action of an external sub- 
stance, as how they should be urged towards each other by 


‘a power inherent in themselves. The fact is, that we can nei- 


ther comprehend the one nor the other; nor can any reason be 
assigned whythe Almighty might not as easily bestow upon mat- 
ter the power of acting upon matter at a distance, as the power 
of being acted upon and changed by matter in actual contact. 

But farther, we have no reason for supposing that bodies are. 
ever in any case actually in contact. Jor all bodies are dimi- 
nished in bulk by cold, that is to say, their particles are brought 
nearer to each other, which would be impossible, unless they 
had been at some distance before the application of the cold. 
Almost all bodies are diminished in bulk by pressure, and con- 
sequently their particles are brought nearer each other; and 
the diminution of bulk is always proportional to the pressure. 
Newton has shown that it required a force of many pounds to 
bring two glasses within the 800th part of an inch of each 
other ; that a much greater was necessary to diminish that dis- 
tance; and that no pressure whatever was capable of diminish- 
ing it beyond a certain point. Consequently there is a force 
which opposes the actual contact of bodies; a force which in- 
creases inversely as some power or function of the distance, 
and which no power whatever is capable of overcoming. Bos- _ 
covich has demonstrated, that a body in motion communicates 
part of its motion to another body before it actually reaches it. 
Hence we may conclude that, as far as we know, there is no 
such thing as actual contact in nature, and that bodies of 
course always act upon each other at a distance. Even im- 
pulsion, therefore, or pressure, is an instance of bodies acting 
on each other at a distance, and therefore is no better expla- 
nation of attraction than the supposition that it is an inherent 


power. We must therefore be satisfied with considering at- 


traction as an unknown power, by which all bodies are urged 
towards each other. It is a power which acts constantly and 
uniformly in all times and places, and which is always dimi- 
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nishing the distance between bbilids) unless when they are pre- Chap. 1. 
vented: from approaching ca other by some other force 
equally powerful. . 

6. The change which iiashticn produces on bodies is a di- abaeke 
minution of their distance. Now the distances of bodies from — 
each other are of two kinds; either too small to be perceived 
by our senses, or great enough to be easily perceived and esti- 
mated. In the first case, the change of distance produced by 
attraction must be insensible; in the second case it must be 
visible. Hence the attractions of bodies, as far as regards us, 
naturally divide themselves into two classes: 1. Those which 
act at sensible distances; 2. Those which act at insensible dis- 
tances. The first class obviously applies to bodies in masses of 
sensible magnitude; the second class must be confined to the 
particles of bodies, because they alone are at insensible dis- 
tances from each other. 

7. It has been demonstrated, that the intensity of the first 1. At sensi- 
class of attractions varies with the mass and the distance of (°° 
the attracting bodies. It increases with the mass of these bo- 
dies, but diminishes as the distance between them increases. 
Hence we see that in this class of attractions every particle of 
the attracting bodies acts, since the sum of the attracting force 
is always proportional to the number of particles in the attract- 
ing bodies. Why it diminishes as the distance increases, it 1s 
impossible to say; but the fact is certain, and is almost incom- 
patible with the supposition of impulsion as the cause of at- 
traction. ‘The rate of variation has been demonstrated to be 
inversely as the square of the distance in all cases of attraction 
belonging to the first class. 

8. The attractions belonging to the first class must be as 
numerous as there are bodies situated at sensible distances; 
but it has been ascertained that they may be all reduced to 
three different kinds; namely, 1. Gravitation; 2. Electricity ; 
8. Magnetism. - The first of these has been shown by Newton 
to belong to all matter, as far as we have an opportunity of 
examining, and therefore to be universal. ‘The other two are 
partial, being confined to certain sets of bodies, while the rest 
of matter is destitute of them; for it is well known that all 
bodies are not electric, and that. scarcely any bodies are mag- 
netic, except iron, cobalt, nickel, and chromium. 

The intensity of these three attractions increases as the mass 
of the attracting bodies, and diminishes as the square of the 
distance increases. The first extends to the greatest distance 
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at Which bodies are known to be separated from each. other. — 
How far electricity extends has not been ascertained; but 
magnetism extends at least as far as the semidiameter of the 
earth. All bodies possess gravity; but it has been supposed 
that-the other two attractions are confined to two or three sub- 
tile fluids, which constitute a part of all those bodies which ex- 
hibit the attractions of electricity or magnetism. This may 
be so; but it has not, and scarcely can be demonstrated. 

9. The absolute force of these attractions in given bodies 
can only be measured by the force necessary to counteract the 
effect of these attractions, or by the space which given bodies, 
acted on merely by these attractions, traverse in a given time. 
If we compare the different bodies acted on by gravitation, we 
shall find that the absolute force of their gravitation towards 
each other is in all cases the same, provided their distances 
from each other and their mass be the same; but this is by no 
means the case with electrical and magnetic bodies. In them 
the forces by which they are attracted towards each other, called 
electricity and magnetism, are exceedingly various, even when 
the mass and the distance are the same. Sometimes these 
forces disappear almost entirely ; at other times they are ex- 
ceedingly intense. Gravity, therefore, is a force inherent in 
bodies; electricity and magnetism not so: a circumstance 
which renders the opinion of their depending upon peculiar 
fluids exceedingly probable. If we compare the absolute force 
of these three powers with each other, it would appear that the 
intensity of the two last, every thing else being equal, is greater _ 
than that of the first; but their relative intensity cannot be 
compared, and is therefore unknown. Hence it follows that 
these different attractions, though they follow the same laws of 
variation, are not the same in kind. 

10. The attractions between bodies at insensible distances, 
and which of course are confined to the particles of matter, 
have been distinguished by the name of affinity, while the term 
attraction has been more commonly confined to cases of sen- 
sible distance. Now the particles of matter are of two kinds, 
either homogeneous or heterogeneous. By homogeneous par- 
ticles, I mean particles which compose the same body; thus 
all particles of iron are homogeneous: By heterogeneous par- 
ticles are meant those which compose different bodies; thus a 
particie of iron and a particle of lead are heterogeneous. 

Homogencous affinity urges the homogeneous particles to- 
wards each other, and keeps them at insensible distances from 
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each other; and consequently is the cause why bodies almost chap. 1. 
always exist united together, so as to constitute masses of 
sensible magnitude. This affinity is usually denoted by the 

term cohesion, and sometimes by adhesion when the surfaces of 

bodies are only referred to. Homogeneous affinity is nearly 
universal; as far as is known, caloric and light only are des- 

titute of it. 

Heterogeneous affinity urges heterogeneous particles to- Helerogene- 
wards each other, and keeps them at insensible distances from ™ **"'" 
each other, and of course is the cause of the formation of new 
integrant particles composed of a certain number of hetero- 
geneous particles. These new integrant particles afterwards 
unite by cohesion, and form masses of compound bodies. 

Thus an integrant particle of water is composed of particles 
of hydrogen and oxygen, urged towards each other, and kept 
at an insensible distance by heterogeneous affinity; and a 
mass of water is composed of an indefinite number of inte-- 
grant particles of that fluid, urged towards each other by ho- 
mogeneous affinity. Heterogeneous affinity is universal, as 
far as is known; that is to say, there is no body whose par- 
ticles are not attracted by the particles of some other body; 
but whether the particles of all bodies have an affinity for the 
particles of all other bodies, is a point which we have no 
means of ascertaining. It is, however, exceedingly probable, 
and has generally been taken for granted; though it is cer- 
tainly assuming more than even analogy can warrant. 

11. Chemists at first supposed that when two heterogeneous 
bodies united together and formed a third body, the two 
constituents themselves were entirely destroyed. ‘Thus when 
sulphuric acid and potash are mixed together, both the acid 
and the alkali disappear, and a salt formerly distinguished by the 
name of vitriolated tartar is formed. ‘The sulphuric acid and 
the potash were both conceived to be destroyed, and the vi- 
triolated tartar to be formed out of their ruins. | 

This opinion was refuted by Mayow, in 1677, in the four- Mayow’s 
teenth chapter of his treatise de Sal-nitro, et Spiritu nitro-aereo, ®xPianation 
Sal-ammoniac, he observed,-is a compound of muriatic acid 
and ammonia, and, as a proof that neither the acid nor the 
alkali in this compound are destroyed, he showed that either 
of them might be again recovered at pleasure. When the 
sal ammoniac was treated with potash the ammonia was sepa- 
rated, and when it was treated with sulphuric acid we obtained 
the muriatic acid. Mayow showed at the same time, that 
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bodies follow certain fixed and general laws in their action on 
each other. Volatile alkali is separated from all acids by the 
fixed alkalies. Nitric acid is disengaged from potash by sul- 
phuric acid, which unites with the alkali, and forms with it 
vitriolated tartar. Acids dissolve metals, but when potash is 
poured into the solution the metal is disengaged and falls to 
the bottom, while the alkali unites with the acid in its place. 
Sulphur and potash unite together; but acids precipitate the 
sulphur by uniting with the potash and taking its place. In 
like manner when sulphur is united with a metal, if we digest 
the sulphuret in an acid the metal combines with the acid and 
the sulphur is set free.* 

12. These important observations of Mayow were Sardigd 
still farther by Geoffroy, senior, in 1718. He considered 
the order in which bodies separated each other from a given 
body as constant. Thus metals are separated from acids by 
the absorbent earths; the absorbent earths are separated from 
acids by volatile alkalies, while volatile alkalies are separated | 
by the fixed alkalies: He drew up in consequence the follow- 
ing table exhibiting the order in which bodies separate each 
other from a given substance. At the head of each column is 
written the name of the substance with which the bodies enu- 
merated in the column combine. Below it are arranged all 
the bodies capable of uniting with it. ‘That which separates 
all the others is placed uppermost, and that which is separated 
by all the others is placed undermost, and the others in the 
order of their separations. ‘Thus in the first column the fixed 
alkalies separate all the bodies below them from the acids. 
The volatile alkalies separate all.except the fixed alkalies. 
The absorbent earths separate the metals, and the metals are 
separated by all the other bodies in the column.t 


Acids. Muriatic acid. | Nitric acid. Sulphuric acid. Absorbent earth. 
Fixed alkalies | Tin Tron _. Phlogiston Sulphuric acid . | 
Volatile alkalies | Antimony | Copper | Fixed alkalies _| Nitric acid 
Absorbent earth | Copper Lead. Volatile alkalies | Muriatic acid 
Metals Silver Mercury | Absorbent earth 

Mercury | Silver Tron 
Gold Copper 
Silver 


* Mayow de Sal-nitro, p. 232. 
+ Mem. Paris, 1718, p. 202. 
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Fixed alkalies. Volatile alkalies, Metals. >" Sulphur. Mercury. Chap. I. 
- Sulphuric acid | Sulphuric acid | Muriatic acid | Fixed alkalies | Gold ——_ 
Nitric acid Nitric acid Sulphuric acid {| Iron Silver 
Muriatic acid | Muriatic acid | Nitric acid Copper Lead 
Acetic acid Acetic acid Lead Copper 
Sulphur Silver Zinc 
Antimony Antimony 
Mercury 
| Gold 
Lead. Copper. Silver. Iron. Antimony. — Water. 
Silver | Mercury | Lead Antimony Tron Alcohol 


Copper | Calamine | Copper eure copper, } Silver, copper, } Salt 
lead lead : 


13. The first improvement made in this table was by Gel- Gettert’s 
lert. The Metallurgic Chemistry of this writer, published at *”” 
Leipsick in 1751, and of which an English translation. by 
Seiferth made its appearance in 1766, is a work of great merit. 

It contains a very clear account of the different metallurgic 
and chemical processes as far as known at the time, given with 
a degree of conciseness very uncommon in a German writer. 
It contains many original experiments on metallic alloys, at 
the end of the first part there is a table of solutions, as Gellert 
terms it, drawn up according to the idea of Geoffroy; but 
much more copious. It was divided into 23 columns. The 
substances placed at the head of these columns are the follow- 


ing: 


. Refractory vitrescent stones 15. Liver of sulphur 


femme 


2. Fusible vitrescent stones 16. Cobalt 

3. Clay and argillaceous stones 17. Arsenic 
4. Plaster and gypseous stones 18. Antimony 
5. Lime and calcareous stones 19. Glass of antimony 
6. Fixed alkalies 20. Bismuth 
7. Volatile alkalies 21. Zinc 

8. Vinegar 22. Lead 

9. Muriatic acid 23. Tin 

10. Nitric acid 24, Iron 

11. Sulphuric acid 25. Copper 
12. Aqua regia | 26. Silver 

13. Salt-petre 27. Mercury 
14. Sulphur 28. Glass 


In each column the substances which the body at the head 
of the column was capable of dissolving were placed in the 
inverse order of Geoffroy’s table. Those bodies most easily 
dissolved were placed at the greatest distance, and those most 
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difficultly dissolved stood nearest the head of the column. At 
the foot of each column, and separated from the rest by a 
black line, were placed those substances which the body at 
the head of the column was incapable of dissolving. 

14, In the year 1758, the Academy of Sciences of Rouen 
offered a prize for the best dissertation on affinity. ‘The prize 


-was shared between M. Limbourg, a physician, at Theux in 


the country of Liege, and M. Le Sage, of Geneva. The 
dissertation of Limbourg was published at Liege in 1761. 
In it he gave a table precisely similar to that of Geoffroy, but 
much enlarged and corrected. It consists of 33 columns, 
under some of which were arranged 15 or 16 bodies, each in 
the supposed order of its affinity. In this dissertation the 
author endeavoured to explain the nature of affinity, and he © 
pointed out at considerable length the utility of the table 
which he had constructed; mentioning at the same time its 
faults and imperfections: 

In consequence of the appearance of these tables and of 
some others, which I think it unnecessary to enumerate, the 
opinions of chemists respecting affinity came to be divided. 
Some adopted the principles of Geoffroy, that every body a 
had a particular degree or intensity of affinity by which it 
was united to another body x, and that whenever a third body 
b,. having a greater affinity for x than a had, is presented to 
the compound, a is displaced, and 6 unites in its stead with 
the body «. Others were of opinion that no such difference 
in the intensity of affinity existed; that 5 might be capable 
of displacing a and separating it from 2, while at the same 
time a in its turn might disengage b from x. Or that b might 
be able to disengage a and incapable of disengaging c, pee 
a was capable of disengaging c. ; 

15. Bergman’s diceersation on Elective baie first 
published in 1775, in the third volume of the Memoirs of the 
Royal Society of Upsala, and afterwards re-published by the 
author in 1783,* appears to have decided the opinions of 
chemists in general in favour of the first of these two hypothe- 
ses. According to him the affinity of each of the bodies a, ), 
c, d, Xc. for x differs in intensity in such a manner that the 
intensity of the affinity of each may be expressed by numbers. 
He was of opinion also that affinity is elective, in consequence 
of which if a have a greater affinity for x than b has, if we 


* Opuse, iii, 291. 
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present a to the compound bz, x separates altogether from 5 chap.t. 
and unites to a. Thus barytes has a stronger affinity for sul-e “~~ 


phuric acid than potash has, therefore if barytes be mixed 
with a solution of sulphate of potash, the sulphuric acid will 
leave the potash and combine with the barytes. He examined 
the alledged exceptions to this general law, and accounted for 


them with such plausibility as to remove the doubts that had. 


hitherto hung over the subject. Bergman’s table of affinities, 
constructed according to the plan of Geoffroy, was much more 
_ copious than any that had preceded it, containing all the che- 
- mical substances at that time known. It consists of 59 co- 
lumns. At the head of each of which is placed a chemical 
body, and the column is filled with the names of all the sub- 
stances which unite with it, each in the order of its affinity. 
Kach column is divided into two compartments by a black 
line. In the first is exhibited the affinities in the order of the 
decompositions when the substances are in solution. In the 
second compartment are exhibited the order of the decompo- 
sitions when the substances are exposed to a strong heat, as 
for example by heating them to redness in a crucible. The 
first of these he called the affinities by the wet way, the second 
the affinities by the dry way. 


16. Bergman’s opinion that affinity is elective, and that the opposed ny 


order of affinities is determined by decomposition, continue 
to be universally admitted by chemists till Berthollet published 
his Dissertation on Affinity, in the third volume of the Me- 
moirs of the Institute, and his Essay on Chemical Statics in the 
year 1803. He considered affinity as an attraction existing be- 
tween the bodies which combine, and an attraction probably 
similar to that which exists between the planetary bodies. 
But as those bodies which obey the impulse of affinity are at 
a very small distance from each other, the strength of their 
affinity depends not merely upon the quantity of matter which 
they contain, but likewise upon their shape. Affinity being 
an attraction, must always produce combination; and as the 
attraction is analogous to that of the planetary bodies, it fol- 
lows as a consequence in Berthollet’s opinion, that the affi- 
nity must increase with the mass of the acting body. ‘Thus 
though barytes has a stronger affinity for sulphuric acid than 
potash ; yet if we present a great quantity of potash to a small 
quantity of sulphate of barytes, the potash will separate a 
portion of the acid. 

According to this new doctrine, affinity is not elective. A 

rf 


d Berthollet. 
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Book nt. substance which has a stronger affinity is not capable of sepa- — 

“~—’ rating completely those which have a weaker affinity; or if 
this happens, some other cause intervenes. Instead of sepa- 
rating the weaker body, it divides with it the base to which 
that body was united; each combining with a part propor- 
tional to the strength of its affinity and the quantity present. 
This opinion is exactly the opposite of the old one. Accord- 
ing to the former hypothesis, when sulphuric acid is dropped 
into nitre, it separates the whole of the nitric acid, and takes 
its place. According to Berthollet, each. of the acids com- 
bines with a portion of the base of the nitre, and the portion 
which unites to each is proportional to the strength of affinity 
and the quantity of each acid employed. 

But it is a matter of fact that the addition of a third body 
frequently separates two substances previously united, the third 
body taking the place of one of the constituents, which is 
thereby separated altogether. Thus if sulphuric acid be 
dropped into nitrate of ‘barytes, the barytes combines with it, 
leaving the nitric acid in a disengaged state while the sulphate 
of barytes precipitates to the bottom. Or if potash be dropped 
into a solution of nitrate of lime, the lime precipitates to the 
bottom, and the alkali instead of it unites to the acid. These 
facts, and many others which will immediately occur to every 
chemist, appearing at first sight contrary to Berthollet’s theory, 
it was necessary for him to reconcile them to it. According 
to him, whenever decomposition takes place it is owing either 
to the insolubility or the elasticity of the ingredient which se- 
parates. Sulphate of barytes being insoluble in water, while 
nitrate of barytes and nitric acid are soluble in that liquid, it 
must happen when the substances are mixed that the insoluble 
salt precipitates on account of its insolubility. It is the inso- 
lubility of lime that causes its precipitation when potash is 
dropped into nitrate of lime. Accordingly when potash is 
dropped into nitrate of soda, no precipitation whatever takes 
place, because both the potash and the soda are very soluble 
in water. But if we concentrate the solution sufficiently by 
evaporation, crystals of nitrate of potash will be deposited, be- 
cause that salt is much less soluble in water than nitrate of 
soda. In like manner when nitric acid is poured upon car- 
bonate of potash the carbonic acid is disengaged and flies off ; 
because its elasticity causes it to separate from the liquid and 
assume the gaseous state, as soon as the nitric acid weakens the 
attraction by means of which it was attached to the potash. 
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17. Thus we have two doctrines respecting affinity op- chap. 1 


posite to each other. According to Bergman, affinity is 
elective. ‘The body which has the stronger affinity dis- 
places that which has a weaker; and the strength of affinity 
may be measured by decomposition. According to Berthol- 
let, affinity is no¢ elective. It never produces decompositions, 
but only combinations, and the decompositions which take 
place are owing to the agency of other causes, ‘The strength 
of affinity is not an absolute quantity; but increases with the 
mass of the attracting body. Berthollet’s doctrine leads to 
the opinion that bodies are capable of uniting together inde- 
finitely in any proportion whatever; Bergman’s, that they 
unite only in determinate proportions, and that these propor- 
tions are independent of the relative quantities of the com- 
bining substances which are present. 

18. With respect to the question whether the affinity of 


may be represented by a number, the present state of the 
science of chemistry does not enable us to answer it in a satis- 
factory manner. lBarytes appears always capable of sepa- 
rating potash from acids. But the reason may be, that the 
salts of barytes are less soluble than the salts of potash. ‘There 
are some cases in which the decompositions take place mu- 
tually, so that we have no means of determining which of 
two substances has the strongest affinity for a third. Thus 
iron has the property of decomposing water at all temperatures, 
from that of boiling water to the greatest heat that we can 
raise in our furnaces, as has been sufficiently shown by the 
experiments of Gay-Lussac.* Priestley ascertained that the 
oxide of iron is reduced to the metallic state when heated 
while surrounded by an atmosphere of hydrogen gas.+ These 
experiments were repeated by Hassenfratz,{ and Berthollet, 
junior ; and Gay-Lussac has shown that the reduction takes 
place at the very same temperature at which iron is capable 
of decomposing water. Hence we have no data for deter- 
mining whether hydrogen or iron have the greatest affinity 
for oxygen. Each seems capable of depriving the other of 
oxygen in the very same circumstances. 

Most of the decompositions which take place when sub- 
stances are mixed together are cases of what Bergman called 


* Ann. de Chim. et Phys. i. 35. + Priestley, on air, i. 259. 
$ Ann. de Chim. Ixxiii, 147. 


Whether 
8 A r affinity be a 
every substance for every other be a definite quantity which definite 
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Book 1. double elective attractions; when two neutral salts are mixed 
together, and the acids and bases of each reciprocally change 
places. Now some examples occur in which it is difficult to 
determine on which side the greatest affinities lie. Thus it is 
well known that if carbonate of barytes be digested in a so- 
lution of sulphate of potash, the sulphuric acid combines with 
the barytes, while the carbonic acid unites with the potash. 
In this case it will be said that the affinity between sulphuric 
acid and barytes, together with the affinity between carbonic 
acid and potash, is greater than the affinity between sulphuric 
acid and potash, together with the affinity between carbonic 
acid and barytes. But Mr. Philips has shown that carbonate 
of potash is likewise capable of decomposing sulphate of 
barytes.* 

Mass not Berthollet would probably account for these mutual decom- 
positions by the effect of mass. But some other cases may be 
exhibited, in which that supposed principle cannot act. Pfaff 
has shown that tartrate of lime is completely decomposed by 
a quantity of sulphuric acid just capable of saturating the 
whole of the lime contained in the tartrate. Sulphate of 
lime is formed, and tartaric acid disengaged in a state of 
purity. He has shown also that oxalate of lead is completely 
decomposed by the quantity of sulphuric acid just capable of 
saturating the whole of the oxide of lead in the oxalate.t 
Berthollet accounts for these two decompositions by the solu- 
bility of tartrate of lime and oxalate of lead, and the insolu- 
bility of sulphate of lime, and sulphate of lead in acids. 

The doctrine of mass, first advanced by Berthollet, is sup- 
ported by the analogy or supposed identity of affinity and 
gravitation, and by a set of experiments which Berthollet 
made on purpose to prove the truth of his opinion. He 
found that when equal] quantities of the following bodies were 
boiled together, 


’ { Sulphate of barytes 4 Repeal: of lime 
Potash * Potash 
9 Me de of tet 5 Phosphate of lime 
" USoda | * \ Potash 
a Sulphate of potash 6 aaa te of lime 
Lime Potash 


the uncombined base abstracted part of the acid from the base 
with which it was previously combined; though in every one 


* Journal of Science and Art, i. 80. + Ann. de Chim, Ixxvii. 266, 
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of these instances it was retained by that base by an affinity chap. 1. 
considered as stronger. The same division of the base took 

place when equal quantities of oxalate of lime and nitric acid 

were boiled together. But the accuracy of these experiments 

has been called in question by Sir H. Davy, who has dis- 

cussed them with much ingenuity and address, and shown that 

they are not sufficient to establish the doctrine in support of 
which they were brought forward.* 

19. The facts with which we are at present acquainted seem afnity 
to me fully sufficient to prove that affinity in different bodies “t'™ 
differs in intensity. ‘The well known fact that the proportions 
of the constituents of all compounds are constant, appears to 
me inconsistent with the belief of the supposed efficacy of 
mass. The facts established by Pfaff and many others that 
might be mentioned, appear to prove that affinity is elective ; 
though no satisfactory explanation of this extraordinary pro- 
perty has been offered. . Were. we to admit that the atoms of 
bodies possess polarity, and that they always unite by the 
same poles, we might form an idea of the way in which the 
union of 5 with m has the effect of separating a from it. a 
2nd b are both attracted to the same pole of m, and b being 
attracted most powerfully may be conceived capable of insi- 
nuating itself into the place which a formerly occupied; a of 
course being removed toa greater distance may be protruded 
beyond the sphere of m’s attraction, and of course disengaged 
altogether. ‘The recent discoveries respecting the combina- 
tions of bodies with each other, which I shall immediately 
state, tend still further to, overturn Berthollet’s doctrine of 
the efficacy of mass in chemical combinations and decom- 
positions. | 

20. The first important fact respecting combinations was Richter’s 
ascertained by Dr. J. B. Richter, who was for some time min- ¥¥ 
ing secretary at Breslau, and afterwards Arcanist in the por- composition. 
celain manufactory of Berlin. In the year 1792, he published 
the first part of a work entitled Foundation of Stochiometry, or 
Geometry of the Chemical Elements.t This work he continued 
successively in 1793, 1794, 1799, and 1802.{ It contains the 
result of his researches on the decompositions and combina- 


* Elements of Chemical Philosophy, p. 117. 

+ Anfangsgrinde der Stochiometrie, oder Messkunst chymischer elemente. 

t I include likewise the eleven parts of his work Uber die neuern 
gegenstande der Chymie; because it is connected with his grand object. 
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Book Ul. tions of chemical bodies. He observed that when two neutral 


salts which mutually decompose each other are mixed together, 
the two newly-formed salts still retain the same neutral state — 
as the two original ones from which they were formed. This 
circumstance enabled him to examine the accuracy of the 
results obtained by preceding experiments, and he showed 
that the numbers assigned by Bergman, Kirwan, and Wenzel, 
for the constituents of the salts are inaccurate, as they are un- 
able to stand the test of this double decomposition. He was 
induced in consequence to make a set of experiments in order 
to.obtain more accurate results, and these experiments occu- 
pied him about ten years. He drew up the results in tables 
exhibiting the weight of each base capable of saturating 100 
parts by weight of each acid, and the weight of each acid 
capable of saturating 100 parts by weight of each base. He 
observed that the different bases follow exactly the same order 
in each of the tables, and that order, according to his tables, 
is as follows: | 


1. Alumina 4, Lime “Potash 


2. Magnesia 5. Soda 8. Barytes 
3. Ammonia 6. Strontian 


The order in which the different acids saturated each base was 
likewise the same, and was according to him as follows: 


1. Fluoric acid 6. Phosphoric acid 11. Acetic acid 
2. Carbonic acid’ 7. Formic acid 12. Citric acid 
3. Sebacic acid 8. Sulphuric acid 13. Tartaric acid 
4, Muriatic acid 9. Succinic acid 
5. Oxalicacid 10% Nitric acid 
He observed farther that the numbers in each table constitute 
a series which have the same ratio to each other in all the. 


tables. ‘Suppose for example, that in the table representing 
the muriates the quantity of potash requisite to saturate 100 


parts of muriatic acid were three times as great as the quan- 


tity of alumina requisite to produce the same effect. The 
same thing would hold in the sulphates, nitrates, and all the 


other genera of salts. Three times as much potash would be 


required to saturate 100 sulphuric, nitric, or any other acid 
as would be requisite of alumina. 


These facts explain why when two neutral salts decompose 


each other, the new formed salts are also neutral, and why 


there is no excess of acid or base upon the one side or the 
6 
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other. The same proportions of bases that phic tou a given Chap. Is 


weight of one acid, saturate all the other. acids ; ; and the same 
proportion of acids that saturate. one base saturate all eet 
other bases.. Hence numbers may be attached to each acid 


and base indicating the weight of it, which will. saturate the. 
numbers attached to all ae other acids and bases.. This was 


accordingly done by Fischer, from Richter’s experiments ; 
and Dr. Wollaston constructed: his sliding rule. of chemical 
equivalents so precious in every point of view to the practical 
oaran 


. Mr. Dalton in 1804, without being aware of the general 4 : 
eory 0 


~ eee discovered by Richter, turned his attention to the p 


subject, and was struck with the small number of proportions 
in which simple substances are capable of uniting, and the 
constancy of these proportions. Thus if we represent the 
weight of carbon by 75, we find that carbonic oxide and 
carbonic acid, the only two compounds of carbon and oxygen, 
are composed as follows : 


Carbonic oxide of 75 bane + 100 oxygen 
Carbonic acid of 75 carbon + 200 oxygen. 


So that the quantity of oxygen in carbonic acid is to Hats in 


carbonic oxide as 2 to 1. 

If we represent the weight of azote by 175, we find that 
all the compounds of azote and oxygen are composed as 
follows : | 


Protoxide of azote of 175 azote + 100 oxygen 
Deutoxide of azote of 175 azote + 200 oxygen 
ite an: acid of 175 azote + 300 oxygen 
Nitrous acid.....,of 175 azote + 400 oxygen 
Nitric acid ......of 175 azote + 500 oxygen 


So that the quantity of oxygen in these compounds, suppos- 
ing the azote to remain always the same, is as the numbers 1; 
2, 3, 4, 5. | 

Similar observations may be made respecting the composi- 
tion of the metallic oxides, the chlorides, the neutral salts, 
and indeed all chemical combinations with which we are ac- 
quainted. The fortunate thought occurred to Mr. Dalton, 
that these proportional numbers represented the respective 
weights of the atoms of the combining bodies; that bodies 
combine either 1 atom of one with 1 atom of another, or with 


2 atoms, or with 3, 4, 5, or 6 atoms. According to this no- 
VOL. Ill. Cc 
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tion, if we represent the weight of an atom of carbon by 0°75, 
an atom of oxygen will be 1, and carbonic oxide will be a com- 
pound of 1 atom carbon and 1 atom oxygen, and carbonic 
acid of 1 atom carbon and 2 atoms oxygen. If the weight of 
an atom of azote be 1°75, and that of oxygen 1, then the 
compounds of azote and oxygen are composed as follows: 


Protoxide of azote of 1 atom azote + 1 atom oxygen 
Deutoxide of azote .. 1 ........ +2 7 
Hyponitrous acid .. 1 ........ + 8 

ONIECOUS HCIO | Se sa oh ene ee Te 

UNTEIIC ACID fein Gunes cot ia scale «ares oP 


The simplicity and beauty of this opinion made a speedy and 
strong impression upon chemists in general. Its truth is 
now almost universally admitted. I have illustrated it at 
considerable length in the preceding part of this work, and 
have endeavoured to determine the weight of the atom of all 
the different simple bodies, and likewise the different com- 
pounds which they are capable of forming. But this theory, 
which has been denominated the atomic theory, seems to me 
to present an insuperable objection to the opinion advanced 
by Berthollet that mass produces an effect upon chemical 
combinations and decompositions. 

22. I have already, in a preceding part of this work, en- 
deavoured to give an idea of the ingenious attempt of Berze- 
lius and Davy to generalize our notions of chemical affinity 
still farther, by showing it to be synonimous with the opposite 
states of electricity. Every body in their opinion possesses 
a permanent electric state, either resinous or vitreous. ‘Two 
bodies in the same electrical state have no affinity for each 
other. Those in opposite states have an affinity, and the 
strength of the affinity is proportional to the degree of in- 
tensity of the different electricities in the two bodies. In 
order to make bodies separate from each other, we have only 
to bring them to the same electrical state by making them 
both vitreous, or both resinous. Both Davy and Berzelius 
have supported this hypothesis with much ingenuity. To it 
indeed we are in some measure indebted for the brilliant 
discoveries with which Davy has enriched the science. But 
the facts which they have brought forward in support of this 
theory, ingenious and plausible as they are, do not seem to. 
me of a nature capable of convincing us that it is an accurate 


representation of what takes place in nature. That bodies 
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"possess permanent electrical states has not, I think, been chap. 1. 


proved in a satisfactory manner, nor can it be admitted with- 
out entirely subverting the very foundations of the science of 
electricity as it at present exists. The very foundation of 
that science depends upon the supposition of the existence of 
two subtile fluids, to which the name of vitreous and resinous 
electricity has been given. When bodies containing each of 
these bodies come into contact, it is believed that the two 
electricities combine together, and are by this union deprived 
of all their characteristic properties, so that they cease to give 
any indications of their. presence. It is true that electricity is 
capable of decomposing a variety of bodies; but so is head, 
and no evidence can be adduced to prove that heat and 
electricity do not act exactly in the same way on bodies. 


CHAP: IT. 


OF GASES. 


THE gases are a numerous class of bodies, differing greatly 
from each other in their chemical properties; some are acid, 
as carbenic acid; some alkalies, as ammonia; some are com- 
bustible, as hydrogen; some supporters of combustion, as 
oxygen, &c.: but however different in other respects, they all 
agree in that aerial form, in that peculiar kind of elasticity; 
which constitutes them gases. We shall, in this chapter, 
consider how far this aérial form affects and modifies the 
combinations into which they enter with each other, and with 
the remaining classes of bodies. But this inquiry pre-sup- 
poses a knowledge of the constitution of gaseous bodies, a 
subject which we must therefore discuss in the first place. 
We shall afterwards consider the mixture of gases with each 
other, and their combinations with gases, with liquids, and 
with solids. ‘The subject, of course, naturally divides itself 
into five heads; namely, | 

1. The constitution of gases. 
2. The mixture of gases with each other. 
3. The combination of gases.with each other. 
4. The combination of gases with liquids. 
5. The combination of gases with solids. 
These shall be the subject of the five following Sections. 
c2 


= 
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SECT. f. 
OF THE CONSTITUTION OF GASES. 


Book tt, Ir has been proved by mechanical philosophers, that gaseous 

~~ bodies are fluids ; that they yield to the smallest impression, 

and have their parts easily moved; that besides the properties’ 

which they have in common with liquids, they possess one pe- 

culiar to themselves, namely, elasticity ; in consequence of 

which, they may be forced to assume a smaller bulk by pres- 

sure, but as soon as the force which confined them is removed, 

Gases elas- they again resume their former volume. If from a vessel filled 

sai with water one-half of the liquid be taken, the remaining por- 

tion will fill only one-half of the vessel; but this is not the 

case with air. If, by any contrivance, we take away one-half 

of the air contained in a vessel, the other half immediately ex- 

pands, and still continues to fill the vessel. ‘The same thing 

happens if we take away 3ths, +1ths, =99,th parts, &c. of the 

air; the small portion which remains always expands so as to 

fill the vessel. Nor has any limit to this expansion been hitherto 

discovered. A good air-pump will easily rarefy air to 300 

times its former bulk; while, on the other hand, we may, by 

means of a condenser, reduce air to ;1,th of its usual bulk. 

Thus the bulk of air may be easily increased or diminished 

30,000 times. Indeed the experiment is said to have been 

carried as far as 3,000,000 of times. I am not acquainted with 

. any accurate set of trials hitherto made which warrant that 

conclusion, though there does not appear to be any reason for 
doubting the possibility of it.* 

This unlimited change of bulk which gaseous bodies are ca- 
pable of undergoing, has led mechanical philosophers to con- 
ceive them as composed of particles or atoms which do not 
touch each other, which mutually repel each other, and which, 
therefore, unless prevented by the pressure of the surrounding 
bodies, would recede from each other to an indefinite distance. 

Elasticityas Boyle ascertained by experiment, that the diminution of 
“Me Press bulk in air is always proportional to the pressure, and the in- 
crease of bulk to the diminution of pressure; or, in general, 
that the bulk of air is inversely as the pressure which it sus- 
tains. Thus air at the earth’s surface sustains a pressure equal 


* The older philosophers were misied in their calculations on this subject 
by not attending to the effect of moisture. 


CONSTITUTION OF GASES. 


21 


to the weight of the incumbent atmosphere, which is nearly Chap. 1. 


equivalent’to a column of mercury $0 inches in height. If we 
double this pressure, we reduce the bulk of the air to one-half; 
if we triple it, to one-third; and so on. If we remove one- 
half of the pressure, we double the bulk of the air; if we re- 
move nine-tenths of the pressure, we increase the bulk ten 
times.* ‘The same result was obtained by Mariotte and by 
other philosophers. 


Sir Isaac Newton demonstrated, tek if this law be correct, Repulsion 


then the force by which the particles of air recede from each 


between the 
particles of 


other, increases or diminishes at the same rate that the dist- 5 * — 


ance between the centres of the particles or atoms of which it 
is composed diminishes or increases; or, which is the same 
thing, that the repulsion between the particles of gaseous. bo- 
dies is always inversely as the distance of their centres from 
each other.+ 


Now the distance between the centres of the atoms of elastic nistance 


fluids always varies as the cube root of their density, taking the 


under the mean pressure of the atmosphere be supposed 1; if 
it be forced into 4th of its bulk, its density becomes 8. In 
these two cases we have the distance between the atoms of air 
inversely as the cube root of 1 to the cube root of 8, or as 1 
to 2. So that if air be compressed into 1th of its bulk, the 
distance between its particles is reduced to one-half, and of 
course the repulsion between them is doubled. If air be ra- 
refied 300 times, we have its density reduced to =1,th of that 
of common air. Here we have the distance between the atoms 
of common and the rarefied air as ¥ 1: #/ 300, or nearly as 
1:7. So that when air is rarefied 300 times, the distance be- 
tween its particles becomes almost seven times greater, and of 
course their repulsion is diminished almost sevenfold. 


inversely. as 


word in its common acceptation. ‘Thus, if the density of air tect of the 


2, Such is the opinion at present entertained respecting the some gases 


constitution of gaseous bodies. ‘The experiments on which it 


approach 
the nature 


is founded were made almost exclusively on atmospherical air, of vapours. 


and they have been extended from analogy to other gaseous bo- 
dies. This analogy holds in many instances exactly, as has 
been ascertained by recent experiments ; but in some few gases 
it fails to a certain extent. 

No degree of compression has been found capable of pro- 


ducing any change in the constitution of air; as soon as it is 


* Shaw’s Boyle, 11. 671. - + Principia, Lib, ii, Prop. 23. 
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Book 11. removed, the air resumes its original bulk, and has lost nothing 
of its elasticity. But upon some gases the effect of violent 
compression is to reduce them to the state of liquids, or even 
of solids. These gases are of course intermediate betweemy vd- 
pours and airs, yeicdly so called. 

Heat, as has been explained in a preceding part of this 
Work, has the property of increasing the elasticity of gases, 
while, on the contrary, cold diminishes their elasticity. No 
degree of cold hitherto applied has any effect in altering the 
constitution of air; but upon some of the other gases it. acts 
so powerfully as to reduce them to the state of liquids, or even 
of solids. These gases are the same that are affected by com- 
pression, and doubtless for the same reason. 

_ 3. The gases are probably very numerous; but those hi- 
therto examined with accuracy amount only to 36. Of these, 
five are still undecompounded ; the rest are known to be com- 

Listof gas pounds. ‘The following table exhibits a list of all the gases 

a known, arranged according to their composition. 1 include 
among them the vapour of water, of alcohol, and of ether; 
vapours which deserve attention, and which will assist us in 
examining the nature of various-bodies considered as gaseous. 


I. SIMPLE GASES, 


1. Oxygen 3. Iodine vapour 5. Azote 
2. Chlorine 4. Hydrogen 6. Sulphur 


II. COMPOUND GASES. 


a. Simple gases combined, 


Vp Hydriodic acid . 11. Deutoxide of azote 
8. Protoxide of chlorine 12.. Steam 
9. Protoxide of azote — 13. Ammonia 
10. Muriatic acid 
b, Oxygen and a solid base, 
14. Sulphuric acid 17. Carbonic acid 
15. Sulphurous acid 18. Hydrocarbonic oxide 


16. Carbonic oxide 


C Hydrogen and a solid base. 


19. Cyanogen 22. Carburetted hydrogen 
20. Sulphuretted hydrogen 23. Hydroguret of phosphorus 
21, Olefiant gas 24. Bihydroguret of phosphorus 


CONSTITUTION OF GASES. 23 


d. Fluorine, chlorine, cyanogen, with a base. Chap. IE. 
25. Fluosilicic acid 28. Hydrocyanic acid a, 
26. Fluoboric acid 29. Chlorocarbonic acid 


27. Chlorocyanic acid 
e. Two solid bases. 
30. Sulphuret of carbon. 
_-f. Triple or quadruple compounds. 


31. Hydriodic ether 34. Muriatic ether 
32. Chloric ether 35. Alcohol 
$3. Sulphuric ether 36. Oil of turpentine 


4, ‘The difference between the specific gravity of the gases Their spe- 
under the same pressure, and at the same temperature, is much ¥i,. °" 
greater than that which exists between most liquid bodies. 

The following table exhibits the density and the weight of 100 

cubic inches of all the gases at the temperature of 60°, and 

when the barometer stands at 30 inches; supposing the spe- 

cific gravity of common air 1:000, and the weight of 100 in- 

ches of it 30°5 grains troy.* 
Weight of 
Gases. Sp. gravity. 100 cubic inches. 


Pele PEE Ye Ole ts o's a's aes FR LEOOQ IS He) B05 
Vapour of iodine.........++0++ 8°6805 1... 264755 
Hydriodic ether 2... .e.ceeeees S475 200. 166°987 
Oil of turpentine vapour........ 5°013 .... 152°896 
PIPTIOUC ACH ny oa sce sinssep sce BOLO a0 6 1G 454 
Fineetlicte Sid Ss cece eps bel, StEPSR Ns J) 108002 
Chlorocarbonic acid .......... 3°4722 .... 105°896 
Chioric.ether .....; On ds Mew ie NEM tinge LOG OS 7 
Sulphuric acid vapour.......+.+ 2°777 « ee« 84°698 
Sulphuret of carbon vapour .... 2°6447 .... 80°663 
Sulphuric ether vapour ........ 2°5666 .... 78°2813 
CRIOMNE 2. seine pesesresces 2500 .o05 (6°250 
Protoxide of chlorine ......++++ 24444 1... 74°555 
BIBBDGTIC ACG. pics pos os edges Oo 1O9 anne (L212 
Sulphurous acid ......e+e+e0es 22922 se0- 67°777 
PRUEIBSIC CECT, sine oe ve neta e 2219, s vg0. OEOlD 
Chlorocyanic acid vapour ...... 2°152 .... 65°636 
Cyanogen....... fui site Ohta L°BODS, vo nn. SP WOOD 
AACOBOL VaNGUY oy ups ecnsnacs es 1°6133, none D4906.  ~ 


* The experiments on which this table is founded have been detailed in 
the preceding part of this work. 
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Book Il. dif or: Weight of , 

: a Gases. Sp. gravity. 100 cubic inches. 
Protoxide of azote ......,..+ 1°5277 ..0. 46°597 
WAPOOWIC ACIC .s<e'- sae es wa 1°6277- Se OT 
Wiuaviatic acid’. ...s0. sues es 1°28472.... 39°184 
Sulphuretted hydrogen ...... 1°] 805 .... 36°007 
Sulphur vapour .....-. sindielegl ld) sie oe 
UO oe sacs 2 waka ves cae LiL ease hia cae 
Deutoxide of azote .......06. 10416)... 31°769 
Hydrocarbonic oxide ........ 0°993 Sl Se SOaT. 
(iHefiant Cus os acdc =: sieuerscdeareiy 0°9722 .... 29°652 
BOLO Weenies Raace oi aaese sinaen OL 2E tee tea 
Carbonic oxide ........-. O°9722 ses, 629652 


Bihydroguret of ee RE se O99 22% « sofa: HBOBBL 
Hydrocyanic acid vapour .... 0°9368 .... 28°572 
Hydroguret of pi aa sieieO°9027 :;5 dicts BBS 


Steam: oossesdeds O05 fb, elate 0°625: .....0% 1 BOOGZ 
Amon he paras Ue. RG 0°59027.... 18°003 
Carburetted hydrogen........ 0°5553 .... 16°938 
Carbon cicidac A al Aen . 04166 .... 12°708 


Hydrogen . scaesbel Uo vee es O10694. ak ee 


Weight of 5. Of these gaseous bodies there is one whose specific gra- 
their atoms, . - ° ° Sat 
'” vity is equal to the weight of its atom. ‘This is, 


Sp. gr. oxygen Weight of 
being 1. anatom. ~ 
Oxygen @oeeoeeee eoeo @ eo@eeee#e? @ 1:000 @eee@ 1°000 


Sixteen of them have their specific gravity equal to half the 
weight of their atoms. ‘These are, 


Sp. gr. oxygen Weight of 
being 1. an atom. 
Chlorocarbonic acid .....-«. 3°095 .... 6190 
Chlorine’ cia. aera ee cae BOO eas c Oe 
Sulphurous acid........+... 2°000 .... 4°000 
CYANOGEN 5 ay case's viele Soe lee MASG25 \)') cc ee 
Protoxide of azote.......... 1°375 «.... 2°750 
Carbonic acid. 1624. 15975 otal Feo 
Sulphuretted hydrogen sate Sh OOD Sisley ck 2S 
Sulppury Sai Pees A8 of PA UO00 1. 2060 
AZOLE GS fuse PAPE ea iii pie Tee Seeded with eek Gare as! 
Carbonic oxide ........ DS TS 8s 5 3 ESBS 
; Oléfiantioas” Py yh wie,". st PANS TS: FUN FSO 


Hydogures of arahare Se WOIBI2S: ...,. 0 ek OBE 
Steam . eoeeen oe cce eee e@ 0°5625 oe oe 1°12 
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Sp. gre oxygen Weight of ’ Chap. II. 
being 1. an atom, _ 


-Carburetted hydrogen ......0°5 .... +1000 
is iw irlesies eo ns0y net O31 On wisteny OOO 
PAVOATOUCH © sce y es helen essct. 0 UOZO sean OLDS 


Five of them have their specific gravity equal to one fourth 
of the weight of their atoms. ‘These are, 


Ey Sp. gr. oxygen _ Weight of 
beiug 1. an atom. 


Hydriodic acid ............ 3°986 .... 15°944 
I TALIC BC tiare a ¢.srerece.s o.oce LLDD 7: oes: 4A SD 
Deutoxide of azote .....«... 0°9375, ..+- 3°750 
FIVALOCVANIC ACI: 2% 6.0/5 0: +0 0°8433). « «si \ 3:3732 
REMI a a ins aaiel ae MOREL SS jai Bol On 


It follows as a consequence from the preceding facts, that the 
number of atoms in a given volume of these three sets of gases 
are to each other as the following numbers: 


MPERECSEE| . nat? cw ecmsare cae 
POOL OUILIISEE a hig eos 6 as eahe 
SLEIERLSEL ccc pee ck oie Y 


Hence a cubic inch of oxygen gas contains twice as many 
atoms as a cubic inch of azotic gas, and 4 times as many atoms 
as a cubic inch of ammonia. It is obvious from this, that if 
common air be a mixture of 4 volumes azote and 1 volume of 
oxygen, a given bulk of it is a mixture composed of 2 atoms 
azote and 1 atom oxygen. 


6. Philosophers have speculated a good deal concerning the kasticity of 


2 e@ ° ° e o. th » 
cause of the elasticity of gaseous bodies. ‘The opinion which jccribea to 


seems at present most prevalent is, that repulsion resides in the b«* 
substance called heat; that the gases are combinations of this 
' substance with a base; and that they owe the permanency of 
their elastic form to the intimacy of the union between the 
atoms of the base and this heat, the particles of which, though 
they repel each other, are conceived to have a strong affinity 
for the atoms of other bodies. This opinion can be considered 
in no other view than that of a plausible hypothesis, as it is by 
no means susceptible of direct proof. Were it well founded, 
we might conclude from it, that the elasticity of gases ought 
not to increase precisely at the same rate as their diminution 
of bulk; for when air is compressed forcibly, a considerable 
quantity of heat is evolved. From the experiments of Dalton, 
we learn that the heat evolved, when air is suddenly condensed 
.s) 
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to half its bulk, is at least equal to 50°; but the more recent 
experiments of Biot demonstrate that the heat evolved in cases _ 
of sudden compression of gaseous bodies is often much greater 
than this. When a mixture of oxygen and hydrogen gases is 
suddenly condensed, the heat generated is sufficient to set them 
on fire, and convert them into water. The experiment was 
made by forcibly compressing them by means of a piston in 
the barrel of an air gun. The barrel, though iron and very 
stout, was torn by the violence of the explosion.* So great 
an extrication of heat ought to diminish the elasticity sensibly, 
provided the compression be continued till the condensed gas 
has time to cool. On the other hand, when gaseous bodies 
are rarefied, the diminution of elasticity ought not to follow . 
so great a rate as the increase of bulk; for when air is dilated, 
it absorbs heat probably in the same ratio as it parts with it 
when condensed. | 

7. There has been a good deal of discussion likewise re- 
specting the constitution of gaseous bodies with respect to 
water. According to some philosophers, the presence of a 
portion of this liquid, is essential to the elastic state of the gases ; 
nay, some have even gone so far as to affirm that the whole of 
the ponderous matter contained in gases was water, ard that 
gases consist only of water combined with some body not pos- 
sessed of sensible weight, as the magnetic fluid, the electric 
fluid, &c. It would be needless to enter particularly into these 
opinions, as they are not susceptible of proof, and have been 
proposed merely as ingenious speculations, or as the means of 
avoiding some difficulty. 

From the experiments of Saussure, we Jearn, that when com- 
mon air is left in contact with water for a sufficient time, at 
the temperature of 57°, dry alkalies are capable of extracting 
from every 100 cubic inches of it 0°35 of a grain troy of water. 
The experiments of Mr. Dalton give almost exactly the same 
result; but Desormes and Clement, at the temperature of 54°, 
only obtained 0°236 of a grain of water from 100 inches of 
air, by passing it through muriate of lime.t 

Saussure sneer 6A that equal bulks of common air, hy- 
drogen gas, and carbonic acid, left a sufficient time in contact 


with water, at the same temperature and height of the baro- 


meter, afterwards deposited the very same Weioht of moisture 
if treated with dry alkali. Clement and Desormes tried a si- 


* Phil. Mag. xxi. 362. + Ann. de Chim. xlit. 125. 
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milar experiment with air, oxygen, hydrogen, azotic, and car- Chap. U1. 


bonic acid gases, and obtained exactly the same result.* From 
these experiments we may conclude that the quantity of mois- 
ture contained in gases depends upon their bulk, and not upon 
their density ; that 100 inches of all gases at the same temper- 
ature, and under the same pressure, if left in contact with 
water, mix or combine with the very same weight of it, or at 
least are disposed to part with the same weight. This accords 
completely with Mr. Dalton’s experiments on the subject. 

All gases'in common cases contain moisture; for they all 
give outa little when kept in contact with dry alkalies, muriate 
of lime, sulphuric. acid, lime, and similar substances, which 
have a strong affinity for water; but when these substances 
cease to act upon them, are we to consider the gases as com- 
pletely freed from water, or do they still retain a portion upon 
which these bodies have no longer any effect? We have no 
means of determining this point in a perfectly satisfactory man- 
ner. But when gases are exposed to the action of substances 
which, like sulphuric acid, have a strong affinity for water, and 
at the same time are cooled down as far as possible, the quan- 
tity of moisture remaining must be very small. 

The presence of moisture produces a considerable effect 
upon the specific gravity of gases, especially those that are 
light. When hydrogen gas, for instance, is kept in contact 
with water, at least half its weight may be safely ascribed to 
moisture. Hence, when gases are weighed in order to obtain 
their specific gravity, they ought to be as nearly as possible in 
the same relative state with respect to moisture and dryness. 
The presence or the absence of moisture will also have a con- 
siderable effect in our calculations respecting the proportions 
in which gaseous bodies combine; though the observations of 
Dalton prove that the effect of t it is not nearly so great as has 
been alleged by some. 

When gases stand over water, it is obvious that they will be 
as moist as possible. In that case the proportion of water 
which they contain will depend upon the temperature. ‘The 
lower the temperature, the smaller a proportion of moisture 
will be present; and if the temperature be very low, the gas 
will be almost perfectly free from moisture. 


8. Such is the present state of our knowledge respecting the nature of 


constitution of gaseous bodies. Vapours bear a considerable 


* Ann. de Chim. xlii. 125. 
fi 


Vapouis. 


28 


GASES. 


Bock ti.’ resemblance to them, and have thrown considerable light on 


their properties, though they differ in some essential particu- 
Jars. Vapours are elastic fluids, which may be made at plea- 
sure to assume the form of liquids. In this they differ from 
the gases. 

When a vapour is compressed, a portion of it loses the elas- 
tic form, and is condensed into a liquid. ‘The consequence of 
this condensation is, that the remaining portion continues of 
the same elasticity as before the compression. Hence the elas- 
ticity of vapours does not increase as the pressure, like that of 
gases.. | 

When vapours are heated, their elasticity is not only in- 
creased, but a new portion of liquid, if any be present, is con- 
verted into vapour. Hence the elasticity apparently increases 
at a much greater rate than that of gases. 

On these two circumstances depend ali the differences be- 
tween vapours and gases. If allowance be made for them, then 
it is true that the elasticity of vapours increases by compression 
and by heat, precisely as that of the gases does. The higher 
the temperature of vapours, the greater is the pressure w hich 
they can support without assuming a liquid form. 

There are some vapours, as those of met cury and alg ic 
acid, that do not become sensibly elastic, except at a tempe- 
rature considerably higher than that of the medium heat of 
the atmosphere, or when the ordinary pressure of the atmos- 
phere is removed. Others, as those of water, a alcohol, and 
ether, have a very sensible elasticity even in low temperatures, 
and can bear a certain degree of pressure without assuming 
the liquid form. Among Mast bodies commonly cdaidasad 
as gases there are some which, in very low temperatures, and 
when subjected to strong pressure, assume the liquid form. 
This is the case with ammonia ; and it is probable that it is the 
case also with muriatic acid, fluoric acid, and all those gases 
that are absorbed in great quantities by water. The other 
gases cannot be made to assume a liquid form by any degree of 
compression or cold hitherto applied. These facts strongly 
corroborate the opinion at present most generally received, 
that the elastic fluids owe their elasticity to heat, that they are 
combinations of heat and a base, and that they owe their per- 
manency to the strength of the affinity by which the heat and 
the base are united together. When the affinity is not suffi- 
cient to resist the forces usually applied, the elastic fluids are 
called vapours; when it is, they are called gases. But in each 
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of these classes the affinity has various degrees of strength. In chap. 1. 
some vapours the elasticity does not become sensible, except at 
temperatures higher than those usually applied ; in others, it 
becomes sensible at the common temperature: in some gases 
degrees of compression or of cold, which, though not common, 

are still within our reach, destroy the elasticity, while in others 

it continues however cold we make them, or however forcibly 

we compress them. 


SECT. IT. 
OF THE MIXTURE OF GASES. 


Gasrous bodies may be mixed together like other fluids. 
Now when such mixtures are made, there are some gases which 
unite together and form a new compound, very different in its 
properties from the gases which enter into. its composition. 
Thus muriatic acid and ammoniacal gas form sal ammoniac, Gases mix, 
and nitrous gas and oxygen form nitric acid. There are others 570°" 
which mix together without any apparent change, as-oxygen 
and hydrogen gases, hydrogen and azote, &c. In the first case 
a combination manifestly takes place; in the second, there is 
more the appearance of a mechanical mixture. We shall con- 
sider the second case in the present Section, and the first in 
the succeeding Section. 
1. The following table exhibits a list of the gases which may Tabte of 


be mixed together without any apparent change in their state. ('°*** 


I. Gases that mix, but never combine intimately. 


Oxygen with fluoboric, fluosilicic, and carbonic acids. 

Hydrogen with muriatic acid, fluoboric acid, fluosilicic acid, 
carbonic oxide, olefiant gas, carburetted hydrogen, bihydro- 
guret of phosphorus, sulphuretted hydrogen, ammonia. 

Azote with most other gases. 

Fluoboric and fluosilicic acids with most gases. 


II. Gases which mix without change ; but by peculiar treatment 
may be made to combine. 


Oxygen with chlorine, iodine, hydrogen, azote, carbonic 
oxide, sulphurous acid, protoxide of azote, hydrocarbonic | 
oxide. 

Hydrogen with chlorine, iodine, azote. 


! 
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wook 1. JIT, Gases which mix without change ; but by peculiar treatment 
x may be made to decompose each other. 


Oxygen with carburetted hydrogen, bibydroguret of phos- 
phorus, olefiant gas, sulphuretted hydrogen, cyanogen, am- 
monia. 

Hydrogen with carbonic acid, deutoxide of azote, protoxide 
of azote, sulphurous acid, &c. 

2. When any two or more of the gases contained in the 

_ preceding list are put into the same vessel, each of them dif- 
fuses itself equally through the whole space so as to be equally 
dense in every part of it. Every portion of the mixture con- 
tains exactly the same proportion of each of the gases. When 

Ailgases the gases have once diffused themselves equally through the 

mea" vessel, the mixture always continues sensibly uniform, notwith- 
standing any difference that may exist between the specific gra- 
vity of the mixed gases. ‘The heaviest gas does not fall to the 
bottom of the vessel, nor the lightest gas rise to the top. 

The first set of experiments on this subject was made by Dr. 
Priestley. He put into the same cylindrical vessel common 
air and carbonic acid, hydrogen and nitrous gas, nitrous gas 
and carbonic acid, oxygen and hydrogen, sulphurous acid and 
fluosilicie acid; and, allowing them to remain at rest for a 
whole day, he carefully separated a portion of the mixture at 
the top and at the bottom of the vessel, but they were always 
very nearly the same in every respect. , 

as a It remained to examine, whether two gases, when merely 
contact, Drought into contact, the lightest being placed uppermost, and 
the heaviest lowest, will mix together of their own accord 
without any agitation. This has been done by Mr. Dalton. 
The gases tried were introduced each into a phial fitted with 
a perforated cork, which were afterwards connected together 
by a glass tube, 10 inches long and ~),th of an inch in bore. 
He first filled the lowest phial with carbonic acid gas, and put 
into the upper successively common air, hydrogen, azotic, and 
nitrous gases. ‘The effect in all these trials was the same. 
After standing an hour, the upper phial, when examined, was 
found to contain no sensible portion of carbonic acid, but in 
three hours it contained it abundantly. It was examined after- 
wards every half hour, aud never failed to exhibit signs of the 


* Priestley on Air, ii. 441. 
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presence of carbonic acid. He then filled the upper phial chap. 11. 


with hydrogen gas, and the lowest part with common air, and 
afterwards with oxygen gas. The result was the same; after 
a day or two the gases were found diffused through both phials. 
‘Nitrous gas and bydticen| azote and hydrogen, azote and oxy- 
gen, were tried with the same success.* 

These experiments were carefully repeated by M. Berthol- 
let. His apparatus consisted of two small globular glass ves- 
sels, furnished each with a stop-cock; the capacity of the first 
was 1°591 cubic inch, that of the manna 1°693 cubic inch. 
They were joined by a tube 0°197 inch in diameter, and 10°43 
inches long. ‘The experiments.were made in a cellar, where 
the temperature was equable. . The stop-cocks were kept shut, 
and all communication prevented, till the vessels had acquired 
“exactly the same temperature. The stop-cocks were then 
opened, with the proper precautions not to alter the tempera- 
ture. At the end of the experiment, the stop-cocks were shut, 
and the gases in each vessel examined. The following table 
exhibits the result of these experiments. 


Glass Gases used. | Time. Gases found in each vessel. 
vessel]. 
1 | Hydrogen 48 hours | 41°73 Carbonic acid gas 
2 Carbonie acid 43°26 Ditto 


1 | Hydrogen 47°24 Hydrogen gas 
9) Air sethours 47°62 Ditto 


1 | Hydrogen di hea Re? Carbonic acid 
2 | Carbonic acid 46 Ditto 
1 | Air at heleeniies Carbonic acid 
2 | Carbonic acid “ee 66 Ditto 

eg Ade 94 hours | 2"'2 Carbonic acid 
2 | Carbonic acid 59°8 Ditto 
1 | Azotic | ¥y oe Oxygen 
2 | Oxygen ae 9°33 Ditto 
1 | Hydrogen | < |. 50 nen 
2 Oxygen a4: hens 50 Ditto 


ene ener 


* Phil. Mag. xxiv. 8. 
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Table continued. 


bans, Gases used. Time. "Gases found in each vessel. 

y | Ramo | sete |S Bee 
“is Ga acid Ze Tinie | 22 Carbonic sid 
gt Azotic Ite a oT Gahaiie acid ane 


2 Carbcnic acid 
1 | Oxygen . < | 24 Carbonic acid 
2 | Carbonic acid | 24 PTS | Go Ditto 

1 Air reeaeins 42, Carbonic acid 
2 Carbonic acid J 50 Carbonic acid 


61 Ditto 


6S GE 


From these experiments we may -safely conclude, that all 
gases mix intimately when brought into contact, independent . 
of agitation, and when once mixed they never afterwards se- 
parate again. | 

3. When two or more gases are mixed together, the bulk is 
not sensibly altered. If two gases, each two cubic inches in 
volume, be mixed, the bulk after mixture will still continue to 
be four cubic inches; each gas appearing to occupy just the 
same space as when separate. The truth of this observation 
is too well known to practical chemists to require any particu- 
lar illustration. 

4. ‘The specific gravity of such mixtures is precisely the 
mean of that of the gases mixed, allowance being made for 
the proportions of each that enter into the mixture. This ob- 
viously follows from the last proposition, and is well known to 
all experimental chemists. ‘a 

5. Such are the phenomena of the mixture of gaseous sub- 
stances with each other. Two different explanations have been 
given of them. 

According to the first, which is the common explanation, all 


the gases have an affinity for each other, and they mix, and 


continue mixed or united, in consequence of this affinity. 
The supposed mixture is in reality a combination, and may be 
compared to the combination of alcohol and water, alcohol 
and ether, which unite slowly when brought into contact, but 
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when once united never afterwards separate. ‘The force.of chap. 1. 
this affinity is very weak; it therefore produces no sensible 
change in the bulk or specific gravity of the compound. For 

that reason, Berthollet, who has considered this subject at 

great length, and treated it with his usual address, has given 

the combination the name of dissolution.* 

The second explanation was first proposed by Mr. Dalton, supposed to 
who published a most ingenious dissertation on the subject in arc raet e 
the fifth volume of the Manchester Memoirs. According to 
him, the particles of one elastic fluid possess no repulsive nor 
attractive power, or are perfectly inelastic with regard to each 
other; and consequently the mutual action of the fluids is 
subject to the laws of inelastic bodies.+ : 

The first of these opinions, though commonly received, 
presents several difficulties when closely examined. In all 
other cases of chemical combination, some change takes place 
in the density of the compound; but in the gases under con- 
sideration no such change ever happens, the specific gravity 
is always the mean of that of the gases before mixture. 
Besides, several of the gases that thus mix or combine, with- 
out any change in their density or other properties, are capa- 
ble of entering into a still more intimate combination, in which 
they constitute a new substance possessed of very different 
properties. ‘Thus oxygen and hydrogen form water, oxygen 
and azote form nitric acid. These, and several other pheno- 
mena, have induced Dalton to consider the notion of combj- 
nation, in those cases in which the density and elasticity are 
not altered, as absurd. 

It must be allowed, that Mr. Dalton’s hypothesis accords Ana not to 
very well with the phenomena, and explains, in a satisfactory of may 
manner, many circumstances which do not so well tally with 
the notion of combinaticns. According to this hypothesis, 
if m measures of A be mixed with n measures of B, the two 
will occupy m + measures of space. The particles of 4 
meeting with no repulsion from those of B further than that 
repulsion which as obstacles in the way they may exert, would 
instantly recede from each other as far as possible in their 
circumstances, and consequently arrange themselves just the 
same as in a void space; their density, considered abstractly, 


becoming (that of the compound being supposed unity). 


m 
m +n? \ 
In like manner the particles of B must recede from each other, 


* Statique Chimique, i. 274 and 487. t+ Manchester Mem. v, 543. 
VOL. III. D 
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till they. become of the density soon Thus the two gases be- 


come rarefied to such a degree that their united forces only 
amount to the pressure of the atmosphere. Here the particles 
of one fluid not pressing at all upon those of the other, the 
consideration of specific gravity does not enter. That part 
of the atmospheric pressure which the fluid 4 sustains will 


be ——; and the Yemainder, ———, is the part that the fluid 
m+n m+n 


B sustains. The weight or pressure upon any one particle of 
any fluid mixture of this sort will arise solely from the par- 
ticles of its own kind.* ae 

According to this statement, it follows, that when two gases 
are mixed, each occupies the whole space which constitutes 
the bulk of the whole; that the elasticity of the mixture is 
the sum of the elasticities of the two gases, supposing each 
to retain its new bulk; and that the bulk after mixture is the 
sum of the bulk of each before mixture. 

Mr. Dalton has not brought any evidence in support of this 
very ingenious hypothesis, except its conveniency in account- 
ing for the phenomena. It has been opposed by Mr. Gough 
and Mr. Berthollet with much keenness, but upon different 
grounds; the former conceiving it as inconsistent with the. 
mechanical properties of elastic fluids;+ the latter, as not 
according with their chemical properties. 

6. After considering the matter with attention, there still 
appear to me to be several circumstances inconsistent with the 
ingenious hypothesis of Dalton. 

It is certainly conceivable that the particles of one elastic 
fluid may not repel another; just as a magnet does not repel 
an electric body, though both magnetic and electric bodies 
are elastic towards each other; but if this non-elasticity exists, 
there can be nothing to hinder the particles of a gas from 
rushing into the space occupied by another when the two are 
brought into contact, except the mechanical resistance op- 
posed by the particles against which those of either gas may 
impinge: but if we consider the great degree of compression 
which gases may be made to undergo, we cannot but allow 
that, under the common pressure of the atmosphere, the dis- 
tance between their particles must be many times greater than 
their bulk. Of course, the resistance to the expansion from 


* Manchester Memoirs, v. 453. + Phil. Mag. xxiv. 103. 
t Statique Chimique, i. 485, &c. 
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this impinging of one against another must be comparatively Chap... 


small, ‘They ought therefore to rush into the space occupied 
by other gases almost with the velocity with which they rush 
into a vacuum. Neither ought the difference of specific gra- 
vity to produce so great a difference in the time of mixture 
as we find it does. These, and some other circumstances 
of a similar nature, do not seem to agree with the notion of 
non-clasticity; at least they have not been shown to agree 
with it. 

If gases were mutually non-elastic, and if the slowness of 
their mixture were to be ascribed to their impinging against 
each other, it is impossible to conceive any reason why, in such 
a case, they should not combine together. Suppose oxygen 
and hydrogen gases in contact and mixing, why should the 
atoms of oxygen not unite with the atoms of hydrogen, against 
which they impinge and form water? We know that they 
have an affinity for each other; they are supposed by the 
hypothesis to come into contact, what then, if they have no 
repulsion, prevents them from uniting? In like manner, azote 
and hydrogen should form ammonia; azote and oxygen, 
nitrous gas, &c. Now, as this never happens except when one 
of the constituents is destitute of elasticity, there is every rea- 
son to believe that it is this elasticity. which prevents the 
union ; and if so, the different gases must be mutually elastic. 

But if we consider this mechanical obstacle which the par= 
ticles of one gas oppose to the dilatation of another, it will be 
difficult to distinguish it from elasticity. Suppose a given bulk 
of one gas to be brought in contact with a given bulk of ano- 
ther, they remain for some considerable time before they 
begin to mix, the surface of the one presenting an obstacle to 
the expansion of the other. But this surface is kept in its 
place by the elasticity uf the whole gas of which it constitutes 
apart. ‘The gases cannot mix till this obstacle be removed. 
Now this appears to be allowing, in unequivocal terms, that 
the gases are mutually elastic. 

I am disposed therefore to reject both the opinion of Ber- 
thollet, that the intimate mixture of the gazes with each other 
Is owing to affinity, and the hypothesis of Dalton, that dif- 
ferent gases are not mutually elastic to each other. I con- 
ceive that when two gases are mixed the particles of each are 
beyond the sphere of the affinity of the particles of the other. 
If the elasticity be owing to the action of heat, it seems to fol- 
low as'a consequence that different gases must be m utuallyelastic 
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Book ut. towards each other. But I think the elasticity itself is suffi- 

~~ cient to account for this mutual mixture gradually taking place, 
without being under the necessity of having recourse to the 
hypothesis of Mr. Dalton. 

vapours . 7 The vapour of water and (for any thing we know to the 

races inthe CONtrary) all vapours mix with gases precisely in the same 

same man- way as gases mix with each other. We are indebted to Mr. 

ee Dalton for the most complete set of experiments on this sub- 
ject. The following is the general conclusion which.he was 
enabled to draw from his numerous trials. Let 1 represent 
the space occupied by any kind of gas of a given temperature, 
and free from moisture; p, the given pressure upon it in inches 
of mercury; f, the force of vapour from any liquid at that 
temperature in a vacuum: then the liquid being admitted to 
the air, an expansion ensues, and the space occupied by the 


air becomes = 1 + fe, or, (which is the same thing) = ‘ = 


=f =~}. 
Thus let the temperature be 180°, -p = 30 inches, and let the 
iat re ; ie a * PAAS atv st) ae 

liquid be water ; then f = 15 inches.* ‘Then iF Sees s=2. 


So that the bulk of the air in this case is doubled.+ 
Thus it appears that when a vapour and a gas are mixed, 
the elasticity of the mixture is the sum of the elasticities which 
the two constituents would have, supposing each to occupy 
the bulks of the whole; and that the volume of the mixture 
is equal to the sum of the volumes of the two constituents, 
supposing both separately subjected to the same pressure which’ 
the compound sustains after mixture. Now this is precisely 
what happens when two gases are mixed. 
Opinionsre- No less than three opinions have been advanced respecting 
rrareatthe the nature of the mixture of gases and vapdur. According 
mixture. to the two first, the ingredients are chemically combined; ac- 
cording to the last, they are mechanically mixed. , 
According to the first opinion, the gas combines with the 
liquid and dissolves it, not in the state of a vapour, but of a 
liquid. The phenomena do not well accord with this hypo- 
thesis. ° Indeed the experiments of Dalton, just recited, are 
incompatible with its truth. It cannot therefore be admitted. 
According to the second opinion, the gas dissolves the va- 
pour precisely as one gas does another: or the vapour exists 


-* Mr. Dalton’s table of the force of vapour at different temperatures 
has been given in vol. i. p. 61, of this work. 
t+ Manchester Memoirs, v. 572. 
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in a gaseous state, forming the same imperfect combination 
with the gas as mixed gases do with each other. This is the 
opinion which has been most commonly received ever since 
the hygrometrical experiments of Saussure and De Luc. 

The third opinion is that of Mr. Dalton. According to 
him, the particles of gases and vapours are not mutually 


elastic to each other. When they are mixed, the elasticity. 


of the vapour frees the gas from part of the pressure which it 
sustained. ‘I'he gas of course dilates, in consequence of the 
excess of its elasticity, till its elasticity, when joined with that 
of the vapour, just balances the pressure. ‘The two fluids are 
mixed, but do not act upon each other. Each of them sup- 
ports a part of the pressure. If either of them be destroyed, 
and the other be made to sustain only its own part of the 
pressure, the bulk will not be altered. The reader will per- 
ceive that this is precisely the hypothesis respecting the mixture 
of gases which was stated above. Indeed'it seems to have been 
the phenomena of the vapours, when mixed with gases, which 
first led Dalton to form that hypothesis. 

This hypothesis explains the phenomena remarkably well. 
We see from it, why, other things being the same, the 
quantity of vapour is always proportional to the bulk of the 
gas, why all gases contain the same proportion of it, and why 
the bulk of the mixture is equal to the previous bulk of the 
two ingredients, But it is liable to the same difficulties as 
stated above when considering the mixture of gases. 

I conceive that the phenomena are explicable without the 
supposition that gases and vapours are not mutually elastic 
towards each other. I consider the vapours as existing in 
gases in the elastic state. The small proportion of them, 
when compared to the gases, necessarily places their particles 
at such a distance, that small changes in the density of the 
gases do not bring the particles of vapour near enough to 
convert them into liquids. 

8. Mr. Dalton has applied his hypothesis to the explanation 
of a very curious set of experiments made by Dr. Priestley, 
He found that when moist earthenware retorts are heated, 
the vapour of water passes outwards through the pores of the 
vessel, while at the same time the external air makes its way 
inwards through the same pores, and may be collected in con- 
siderable quantities.* He afterwards extended his experi- 


* Priestley on Air, ii, 407. 
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ments to different kinds of gases, and found, that if the 
earthenware vessel be filled with one species of gas, and sur- 
rounded with another, if heat be applied, a portion of the gas 
makes its escape through the pores of the vessel, while an 
equal quantity of the external gas enters through the same 
pores.* The same thing takes place in bladders without the 


application of heat. Ifa bladder be filled with hydrogen 


- gas and suspended in the air, it soon acquires the property of 


Distillation 
in close ves- 
sels full of 

air, imprac- 
ticable. 


detonating, in consequence of the external air with which it 
is mixed. Mr. Dalton has shown that these curious experi- 
ments are easily explained by means of his hypothesis. The 
heat increases the size of the pores, which furnish a commu- 
nication between the air without the vessel and the vapour or 
gas within. ‘The two mix by means of these pores, for the 
same reason that they would mix if brought into contact in 
two vessels communicating with each other.t But it is not 
necessary to suppose the truth of Dalton’s hypothesis to ex- 
plain these phenomena: the same mixture ought to take place 
even though the two gases be mutually elastic, provided pores 
exist in the vessel. 

9. Fontana made a set of experiments on distillation, and 
published them in 1779.. ‘These experiments show that air 
is not passive in cases of evaporation, as it must be according 
to Dalton’s hypothesis. He united two matrasses together 
by means of a glass tube, and sealed the joinings hermetically. 
One of the matrasses contained water, the other was empty. 
He made the water boiling hot, and kept it in that state, while 
the other matrass was on cool; but the water did not distil 
over into the empty matrass. In like manner, ether exposed 
to a heat of above 140° in one matrass, while the other was 
surrounded with ice, refused equally to distil over.t These 
experiments, if we allow them to be correct, show very de- 
cisively that air is not passive; for had the matrass been pre- 
viously deprived of air, we know that the liquids would have 
distilied over very readily. Nothing can prove more deci- 
sively that gases and vapours are mutually elastic; for it can 
be the elasticity of the enclosed air alone, greatly increased 
by the heat, which not only retards, but prevents the dis- 
tillation. 


* American Phil. Trans. v. 14. + Phil. Mag. xxiv. 14. 
{ Berthollet, Statique Chimique, i, 498. 
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SECT. III. 
OF THE COMBINATION OF GASES. 


THERE are various elastic fluids which have the property of chap. 1. 
uniting together, and of forming a new compound, either 
gaseous or not, and which possesses very different properties 
from the constituents of it when merely mixed. Now these 
gaseous bodies may be divided into two classes; some comr 
bine in all circumstances by mere mixture; others only unite 
in particular states. 

I. The following table exhibits a list of the gases that unite 1. Gases 


which 


by mere mixture, and of the products which they form. combine by 
Products, mixture. 
Nitrous acid 
Nitric acid 
Ammonia with vapour............ Liquid ammonia 
muriatic acid ...... Muriate of ammonia 
fluoboric acid...... Fluoborate of ammonia 
fluosilicic acid...... F'luosilicate of ammonia 
carbonic acid ....... Carbonate of ammonia 
sulphurous acid .... Sulphite of ammonia 
sulphuret. hyd. .... Hydrosulph. of amm. 
sulphurous acid .... Sulphuret. hyd. 
1. It was first observed, by Gay-Lussac and made out by 
him, by a set of observations and experiments that appear 
satisfactory, that gaseous bodies unite always either in equal 
volumes, or 1 volume of the one with 2, 3, &c. volumes of the 
other.* The following table exhibits the volumes of the pre- 
ceding gases that are capable of uniting together, and the 
names of the products which they form. 


Oxygen with nitrous gas ...... ; 


Volumes. Products. 
Oxygen 100 +133 nitrous gas .........-+- Nitric acid 
Oxygen 100 + 200 nitrous gas..........+- Nitrous acid 
Ammonia 100 + 100 muriatic acid.......... Sal ammoniac 
Ammonia 100 + 100 fluoboric acid. ........ Fluoborate of ammonia 
Ammonia 100 + 50 fluoboric acid ......... Subfluoborate of ammonia 
Ammonia 300 + 100 fluoboric acid ......... Subtrifluoborate of ammonia 
Ammonia 100 + 50 fluosilicic acid ........ Fluosilicate of ammonia 
Ammonia 100 + 100 carbonic acid.......... Carbonate of ammonia 
Ammonia 100 + 50 carbonic acid.......... Subcarbonate of ammonia 
Ammonia 100 + 100 sulphurous acid........ Sulphite of ammonia 


Ammonia 100 + 100 sulphuretted hydrogen.. Hydrosulphuret of amm. 


jphur- 
4 acids 200 + 300 sulphuretted hydrogen.. Hydrosulphurous acid 


* Mem. d’Arcueil, 11. 207. 
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GASES. 
If. The gases which may be mixed without any striking 
combination, though they are capable of uniting in certain 
circumstances, are by no means numerous. The following 
table exhibits a list of them, and of the products which they 
form when united. 
Products, 
Oxygen with hydrogen ........ Water 
carbonic oxide .... Carbonic acid 
AIOLG anew aac .. Nitric acid 
chlorine...... ...- Chloric acid 
sulphurous acid.... Sulphuric acid 
nitrous oxide...... Nitric acid 
Hydrogen with chlorine.......... Muriatic acid 
1OdING - ant as se LAV ORIOUIC cig 
cyanogen......... Hydrocyanic acid 
Chlorine with carbonic oxide .... Chlorocarbonic acid 


1. These, like the preceding gases, combine either in equal 
volumes, or in volumes that are multiples of each other, as 
was first observed by Gay-Lussac, and as will appear by the 
following table: ; ; 


Volumes. Products, 
Oxygen 100 + 200 hydrogen........ Water 
Oxygen 50 + 100 carbonic oxide ... Carbonic acid 
Oxygen’. 250 +-100 azote ...'........ Nitric acid 
Oxygen 250 + 100 chlorine......... Chloric acid 
Oxygen 50+ 100 sulphurous acid .. Sulphuric acid 
Oxygen 200 + 100 protoxide of azote. Nitric acid — 
Chlorine 100 + 100 hydrogen........ Muriatic acid 
Iodine 100 + 100 hydrogeu........ Hydriodic acid © 
Cyanogen 100 + 100 hydrogen........ Hydrocyanic acid 


++tett+¢st 


2. The greater number of these products are permanently — 
elastic fluids, belonging to that class which possess the gase- 
ous properties less completely, or which approach to the state 
of vapours; the rest are liquids. Thus it appears that these 
gaseous bodies, by combination, lose a portion of their elas- 
ticity. . 

3. Oxygen combines with hydrogen and with carbonic 
oxide by combustion, while it unites with azote by means of 
electricity, or at the temperature at which hydrogen burns. 
Thus these bodies, though they do not unite spontaneously, 
may combine, while the two ingredients which enter into 
union are both in a gaseous state. It is highly probable that 
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heat and soe aM in these cases act Seri in the same Chap. IT. 


way. 

Now, if the common opinion be true, that gases are com- 
pounds of bases and heat, and that when they combine they 
lose a great quantity of caloric, it may seem at first sight diffi- 
cult to conceive how heat causes them to unite together. That 
a body which increases the repulsion of the gases, should, by 
its accumulation, occasion their union or the destruction of 


that repulsion, seems, at first sight, a contradiction. Monge, manner in 


long ago, offered a very ingenious solution of this difficulty, 
which has been generally received as the true one. Repulsion 
is a force which occasions motion. If, by any means, the 
repulsive force of one atom of a gas be increased, this atom will 


act with increased energy upon all the neighbouring atoms; it~ 


will set them in motion, and they in their turn will act upon 
those in their neighbourhood, and thus the_motion will be 
propagated through the whole fluid. Suppose, in a mixture 
of oxygen and hydrogen gas, that an atom of oxygen were 
suddenly heated; it would act with increased energy on the 
atom next to it, and drive it against the atom next farthest off. 
The rapidity of the motion of the repelled atom will increase 
with the temperature of the repelling atom. Now we may 
conceive the heat of this repelling atom to be increased to 
such a pitch as to drive off the neighbouring atoms with such 
velocity that they shall approach indefinitely near other atoms 
before they have time to remove. But when an atom of oxy- 
gen approaches indefinitely near an atom of hydrogen, they 
will combine and form water. ‘The combination is attended 
with the disengagement of heat, which repels the atoms in the 
neighbourhood, and thus propagates the combination. Ac- 
cording to this explanation, caloric occasions the union of two 
gases, not by dilating, but by compressing their atoms, and 
forcing them indefinitely near each other; and electricity con- 
fessedly acts in the same way. 

According to this notion, heat acts only indirectly when it 
occasions the combination of gaseous bodies: by for cibly ex- 
panding one portion of the gas, a sudden compression is pro- 
duced in the portion in the neighbourhood. ‘This compres- 
sion causes the atoms to combine; and if the combination is 
attended with the evolution of heat in sufficient quantity, the 
same thing is constantly renewed till the whole gaseous mix- 
ture has combined. Hence those gases only combine, when 
set on fire, which give out a great deal of heat in the act of 
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union, as oxygen and hydrogen, oxygen and carbonic oxide. 


Others, which combine without the evolution of much heat, — 


as oxygen and azote, require constant renewals of the external 
agent, and after all, it is difficult to unite a whole mixture of 
these gases; a great part usually escapes untouched. Hence 
the reason why azote and oxygen combine only when exposed 
to the repeated shocks of electrical explosions, or when assisted 
by the constant heat of burning hydrogen. That compression 
has the property of causing oxygen and hydrogen to combine 
has been proved by the experiments of Biot. It has the same 
effect upon all those bodies that give out much heat when they 
unite. Fence the reason why so many substances detonate 
when suddenly struck upon an anvil, or when smartly rubbed 
between two hard bodies. Sir H, Davy has lately made a 
curious set of experiments on this subject, and has shown that 
the combustion and explosion of gaseous mixtures depends 
upon the temperature entirely ; that each has a particular tem- 
perature at which it explodes.* He concludes from this fact 
that the hypothetical explanation of Monge is inaccurate. I 
do not however see any incompatibility between the two. In- 
deed if we consider that gaseous mixtures do not explode un- 
less when mixed in certain determinate proportions, it cannot 
but give a tendency to adopt the opinion that the combina- 
tion is the effect of the pressure produced by the great evolu- 
tion of heat. , 

4. It is probable, that when sulphurous acid gas and oxygen 
are mixed together, they combine and form sulphuric acid: 


bat, as the experiment has not been made in a decisive man- 


ner, as no remarkable appearance takes place when the two 
gases are mixed together, I have not ventured to arrange them 
among those which combine spontaneously. Dr. Priestley 
Jeft a mixture of sulphurous acid gas and common air stand- 
ing over mercury for two days in a jar. On absorbing the 
gas, and examining the common air, he found that it had been 


deprived of a portion of its oxygen.t The two are known to | 


combine in a red heat; but whether a portion of sulphur be 
first separated, and then enters into combustion, has not been 
ascertained. 


5. All the gaseous bodies contained in the preceding: table 


cau be made, by any of the methods with which we are ac- 


* Annals of Philosophy, ix. 151. 
+ Priestley on Air, ii. $16. 
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quainted, to unite in one proportion only; and if we apply ctap. 1. 


Dalton’s hypothesis to the compounds formed, we shall find 
that the gases unite, either atom to atom, or two atoms of one 
to one atom of the other. Whenever oxygen and hydrogen 
gas combine, the product is water; oxygen and carbonic oxide 
gas produce carbonic acid, and oxygen and azotic gas always 
nitrous acid. This is the more remarkable, because the bases 
in the last case are capable of uniting in various proportions. 
What fixes them down to this particular compound, nitrous 
acid, when both are gaseous? ~ 


6. Several of these gases experience a marked condensation Condensa- 


when they combine. The degree of this can be ascertained peta 


with more accuracy than in the first set of gases, because few the combi 


of them change their form. It may be seen in the following 
table. ‘The first column exhibits the volumes of the gases 
which combine; the second, the volume of the compound 
formed, supposing it to remain in the gaseous state ; and the 
last shows the condensation or the volumes which have disap- 
peared by the condensation. 


Constituents. | a aur Products. | Volume of i a fait a 
aes, 1 | Water 2 1 
ydrogen 2 
Oxygen 1 (Carbonic | 9 1 
Carbonic oxide 2 acid 
Psnam 2°5 Nitric acid 1? 2-5? 
Azote 1 
a atts ts |\Chloric acid Unknown! Unknown 
Oxygen 1. |Sulphuric | 
Sulphurous acid 2 acid re oe 
Oxygen 2 si os . 9 9 
~ Protoxide of azote| 1 Nittinasie | a ae 
Hydrogen 1  |Muriatic 2 0 
Chlorine 1 acid 
Hydrogen 1 |Hydriodic ; 
Iodine q acid ‘ 
ae 
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—, Es | SR ES | GE SS oS 
Hydrogen 1 |Hydrocy- 9 0 
Cyanogen 1 __fanic acid. 
Chlorine 1 Chlorocar- 
Carbonic oxide 1 bonic acid. 1 1 


Se 


III. Besides the two sets of gases described in the preceding 
part of this Section, there are two others which deserve at- 
tention, because, though they do not combine together, yet 
they have a marked action upon each other. The first set 
mutually decompose each other whenever they are mixed, 
and produce new compounds of a different nature; the second 
set do not act on each other spontancously, but they may be 
made to decompose each other in peculiar circumstances. 

1, The following table exhibits a list of the principal gases, 
which mutually decompose each other when mixed together. 


Oxygen with ............ phosphuretted hydrogen 
Chlorine with............ ammonia 
phosphuretted hydrogen 
carburetted hydrogen 
olefiant gas 
sulphuretted hydrogen 
nitrous gas 
Sulphuretted hydrogen with nitrous gas 


2. The decompositions in the first three cases in the table 
are attended with combustion; for phosphuretted hydrogen 
gas immediately takes fire when mixed with oxygen gas or 
chlorine, as does ammonia when mixed with the latter gas. 
The other decompositions take place without any sensible 
combustion ; and yet, what is singular, some of the new sub- 
stances formed seem in every case to be products of combus- 
tion. | ) 

3. Phosphuretted hydrogen is a compound of a gas and a solid 
or non-elastic body. We may consider it as phosphorus dis- 
solved in hydrogen, and of course deprived of its cohesion. 
This increases the facility with which oxygen acts upon it, and 
enables it gradually to combine with that principle at the tem- 
perature of the atmosphere, precisely as happens when it is 
dissolved in azotic gas: But when the proportion of the two 
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gases coming in contact is considerable, the temperature pro- Chap. It. 


duced is sufficient to set fire to the hydrogen, or to cause it to 
combine with oxygen. This accounts for the brilliancy with 
which phosphuretted hydrogen burns: it accounts also for the 
deposit of phosphorus sometimes observable when the quan- 
tity of oxygen gas is not sufficiently great. Hydrogen has a 
stronger affinity for oxygen than phosphorus; but its elasticity 
prevents the combination. The phosphorus being neither re- 
strained by elasticity nor cohesion, begins the combination, 
and supplies the requisite temperature. The hydrogen then 
burns rapidly, or combines with oxygen in preference to the 
phosphorus; which of course must remain only partially com- 
bined with oxygen, unless there be a sufficient supply of that 
principle. The products when the combustion is complete, 
are water and phosphoric acid; when the combustion is in- 
complete, water and phosphorous acid. 

4. The spontaneous combustion of ammonia in chlorine is 
owing to the combination of the hydrogen of the ammonia 
with the chlorine, and the subsequent union of the muriatic 
acid formed with the undecomposed ammonia. Exactly one 
fourth of the ammonia is decomposed ; and the gases to ob- 
tain a complete effect must be mixed in the proportion of 8 
volumes of ammonia to $ volumes of chlorine. For the 8 vo- 


lumes of ammonia are equal to 6 + 2 volumes, and 2 volumes — 


of ammonia contain 3 volumes hydrogen + 1 volume azote. 
The three volumes of hydrogen uniting with the three vo- 
lumes of chlorine will form 6 volumes of muriatic acid, which 
uniting with the 6 volumes of undecomposed ammonia form 
solid sal ammoniac, while 1 volume of azotic gas remains be- 
hind. So that a mixture of 8 cubic inches of ammonia, and 
3 cubic inches of chlorine will form $°3675 grains of sal am- 
moniac, and 1 cubic inch of azote will remain in the gaseous 
form. ‘The gaseous product of such a decomposition amounts 
to th of the original bulk of the gaseous mixture. 

5. As phosphorus, even in the solid state, rapidly melts, and 
burns with a pale white flame in chlorine gas, we need not be 
surprised that phosphuretted hydrogen gas, in which the phos- 
phorus is in a much more favorable state for combustion, 
should exhibit the same phenomenon. The flame is more 
lively than when the gas burns in common air. ‘Three volumes 
of chlorine are required for the decomposition of 1 volume of 
phosphuretted hydrogen. ‘Two of the volumes combine with 
the phosphorus and convert it into bichloride of phosphorus. 
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The other volume uniting with the hydrogen becomes muri- 
atic acid. } 

6. When carburetted hydrogen and olefiant gas are mixed 
with chlorine, each previously as dry as possible, little imme- 
diate efiect is produced. But the chlorine gradually unites to 
the hydrogen of the combustible gas and is converted into mu- 
riatic acid, while the carbon is precipitated. This effect is fa- 
cilitated by heat or electricity. 

7. Chlorine unites with both of the constituents of sulphur- 
etted hydrogen, and the products are chloride of sulphur and 
muriatic acid. Two volumes of chlorine are necessary for 
every volume of sulphuretted hydrogen. 

8. Chlorine has no action on deutoxide of azote, as has been 
ascertained by the experiments of Sir H. Davy, and by my 
own. But if a little water be admitted, or if the experiment 
be made in vessels moistened with water, nitric or nitrous acid, 
and muriatic acid are formed. This had been observed by 
Humboldt,* but he was not aware of the necessity of the pre- 
sence of water. 

9. The spontaneous decomposition produced when nitrous 
gas and sulphuretted hydrogen gas are mixed together, was 
first observed by Mr. Kirwan. The gases ought to be dry, 
otherwise their mutual action is greatly impeded. ‘This mu- 
tual action of these two gases was also ascertained by Austin,+ 
and was afterwards more minutely examined by Davy,} who 
confirmed the fact previously asserted, that no sulphurous or 
sulphuric acid is formed ; and showed that the new compounds 
are protoxide of azote, ammonia, and water; and that the ni- 
trous gas suffers a diminution in bulk, varying from 0°55 to 0°7. 
I have made several experiments on the mutual action of these 


gases on each other: but have not yet satisfied myself of the 


nature of the changes which take place. When the gases are 
not quite free from a mixture of common air, sulphur is depo- 
sited upon the sides of the vessel in which they are mixed. 
But even when the mixture is made upon a pretty large scale, 
(100 cubic inches for example of each gas) no trace of water 
can be perceived, if the gases previous to mixture were dry. 
When the gases mixed are quite pure, no sulphur is depo- 
sited; but a red coloured substance makes its appearance. 
This substance is sometimes in small crystals, and sometimes 


* Ann. de Chim. xxviii, 142. + Phil. Trans. 1788, p. 384. 
t Researches, p. 203. 
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it becomes liquid. In this last case, it assumes a yellowish Chap. 1 


reen colour. It is soluble in water. The solution has the 
sinell of sulphuretted hydrogen; but none of that gas can be 
detected in it by reagents. It threw down antimony white as 
‘pure water would have done, and did not act upon solutions of 
iron, or copper at all. When the two gases are mixed in equal 
volumes, the residual gas amounts at an average to jth of the 
volume of the mixture. This residual gas contains no sul- 
phuretted hydrogen; for it produces no change upon a solu- 
tion of acetate of lead. If it be left over water for 24 hours, 
it is completely absorbed. When mixed with hydrogen gas, 
and an electric spark passed through the mixture, a detonation 
takes place, accompanied by a blue flame. It required about 
half its volume of hydrogen gas to burn it completely, and the 
residue was nearly as bulky as the original volume of the gas. 
I conclude from these experiments that the residual gas was a 
mixture of about 40 volumes protoxide of azote, and 18 vo- 
lumes of ammonia. Let us suppose a mixture of 100 volumes 
of deutoxide of azote, and 100 volumes sulphuretted hydrogen 
gas. ‘The constituents of these will be as follows: 

Volumes. 


100 vol. deutoxide of azote, composed 50 azote + 50 oxygen 
100 vol, suphuretted hyd. composed .. 50 hyd. +59 sul. 


rn ee eet 


50 azote + 50 oxygen + 50 hyd. +50 sul, 


The residual gas consists of 40 volumes 


s 


protoxide of azote. ......eeeeees = AO azote + 20 oxygen 
18 volumes ammonia .........-+-6- = Q9azote+ 0 oxygen+27 hydrogen 
Total of residual gas...... = 49 azote + 20 oxygen +27 hydrogen 


It would appear from this that the whole of the azote is to 
be found in the residual gas, and the whole of the sulphur in 
the red solid substance, condensed upon the sides of the vessel. 
This substance must be a compound of 


50 volumes sulphur, or probably of sulphur . 5 atoms. 
27 volumes hyd. or probably of .. hydrogen 3 atoms. 
30 volumes oxygen, or probably of oxygen 6 atoms. 


I have made some experiments on this curious compound, 
but without detecting any remarkable properties. It dissolves 
readily in water. The solution has the smell and the taste of 
sulphuretted hydrogen ; but does not act upon metallic solu- 
tions. 


Such are the phenomena of the action of those gases on each 
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Book 1. Other, which mutually decompose each other spontaneously. 
Almost the whole of them consist in the action of a supporter 
on a compound combustible ; the new compounds are usually 
products of combustion; of course the process is similar to 
combustion, and heat we may presume is evolved. The ac- 
tion is facilitated by the diminished elasticity and loose state 

of combination of one of the ingredients. The products in 

some of these mixtures are constant; but in others they vary 
with the proportion of the ingredients of the decomposing 
gases. 

IV. The gases which mix without spontaneous decompo- 
sition, but which may be made to decompose each other in 
particular circumstances, as on the approach of an ignited 
body, when electric explosions are passed through them, &c. 
are more numerous than the preceding. 


4. Gases 1. The following table exhibits a list of the mest remarkable 
hich d 4 

compe Of these mixtures : 

only in cere 


tain circum- Oxygen with sulphuretted hydrogen 
ty carburetted hydrogen 
olefiant gas 
vapour of ether 
alcohol 
Deutoxide of azote with hydrogen 
phosphuretted hydrogen 
sulphuretted hydrogen 
carbonic oxide 
carburetted hydrogen 
olefiant gas 
vapour of ether 
vapour of alcohol 
sulphurous acid 
Nitric acid with hydrogen, and probably all the preceding 
combustible gases and vapours 
sulphurous acid 
Nitrous gas with hydrogen 
sulphurous acid 
Hydrogen with sulphurous acid 
Hydrogen with carbonic acid 
Vapour of water with carburetted hydrogen 
olefiant gas 


These decompositions are of two kinds: some are accompanied 
or produced by combustion, and are of course instantaneous ; 
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others take place without combustion, and are of course very 
slow. ‘The first kind supposes the mixture of a gaseous sup- 
porter of combustion with a combustible gas: the second sup- 
poses either the absence of a supporter, or the presence of one 
which cannot be decomposed by the combustible base, or, 
finally, the absence of a combustible base. The list of the 
compound gases capable of decomposing each other without 
combustion is probably very incomplete. 

2. Sulphuretted hydrogen gas may be kept mixed with com- 
mon air or oxygen without undergoing any change; but if the. 
mixture be made to approach an ignited body, combustion im- 
mediately takes place, and the products vary according to the 
proportion of the gases mixed. If the oxygen be small, or 
(which is the same thing) if it be admitted slowly, as by setting 
fire to a phial full of sulphuretted hydrogen gas standing in 
the open air, in that case a great proportion of the sulphur is 
deposited unaltered, and some sulphurous acid is formed. In 
this case we see that it is the hydrogen which burns. The com- 
bustion is analogous to that of pure hydrogen. The heat pro- 
duced is sufficient to set fire toa portion of the sulphur, but 
the greatest part escapes unaffected. If sulphur were combus- 
tible at as low a temperature as phosphorus, sulphuretted hy- 
drogen would burn spontaneously as well as phosphuretted hy- 
drogen. It is this circumstance which distinguishes them: 
The phenomena of the combustion are absolutely the same. 
It is the hydrogen which unites with oxygen, and not the solid 
which it holds in solution. But the heat evolved is sufficient 
to maintain the combustion of this solid; accordingly it also 
combines with oxygen, if the proportion of that principle be 
sufficient. | 

3. ‘The phenomena attending the combustion of carburetted 
hydrogen and olefiant gas with oxygen have been examined by 
Cruikshanks, Berthollet, Henry, and myself. When the vo- 
lume of oxygen is sufficient to saturate both the constituents of 
these gases nothing is formed but water and carbonic acid. 
Carburetted hydrogen requires twice its volume, and olefiant 
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Sulphurett- 
ed hydrogen 
and oxygen. 


gas thrice its volume of oxygen gas to produce complete de- 


composition. When olefiant gas is mixed with a smaller quan- 
tity of oxygen gas than is requisite to consume it completely, 


and when an electric spark is passed through the mixture, a_ 


_ detonation takes place, charcoal is precipitated, and the ga- 
_ Seous residue is more bulky than the original gas before explo- 
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Book mt. sion. Thusin my experiments a mixture of 4 volumes olefiant 
—~\— gas and 3 volumes oxygen gas, left a residue amounting to 11 


Ether on 
oxygen. 


volumes. This residue there is reason to believe is a mixture 
of carbonic oxide and hydrogen gas. So that a portion of the 
hydrogen is set at liberty by the deposition of the carbon ; 
while a portion of the carbon is converted into carbonic acid, 
and another portion into carbonic oxide.* Sir H. Davy has 
shown that carburetted hydrogen is the least combustible of 
all the combustible gases. ' 

4. Dr. Ingenhousz first discovered that the vapour of ether 
has the property of detonating with common air and oxygen 
gas. Cruikshanks discovered that the detonation takes place 
only when a certain proportion of the elastic fluids are mixed, 
and that in that case the decomposition is complete. The 
same remarks apply to the vapours of alcohol. These two 
vapours, then, agree exactly with carburetted hydrogen and 
olefiant gas in the nature of the decompositions which they 
undergo when fired with oxygen gas, as they correspond with 


them in the elements of which they are composed. 


Cruikshanks found, that when one measure of the vapour of 
ether is mixed with seven measures of oxygen, the mixture 
explodes by electricity with prodigious violence; that the de- 
composition is complete, the residual gas, amounting to 5 mea- 
sures, being carbonic acid. Mr. Dalton hit upon a very sim- 
ple and ingenious method of producing this detonation and 


decomposition at pleasure. He puts into a detonating tube any 


quantity of oxygen gas, and lets up into it (standing over 
water) a little ether.. Its bulk immediately increases, in con- 
sequence of the conversion of a portion of the ether into va- 
pour; so much so as to be sometimes doubled. By agitating 
the tube a little, a portion of this vapour is dissolved in the 
water, and of course the bulk of the gas diminishes. By re- 
peating these agitations, the proportion of ether left may be 
diminished at pleasure. We have only to continue them till 
the bulk is ith more than before the admission of the ether; 
for then we know that the vapour of the ether amounts just to 
4th of the whole. 

From the experiments of M. de Saussure, junior, it follows 
that both ether and alcohol vapour may be considered as mix- 
tures of olefiant gas and vapour of water, in the proportions 


* Memoirs of the Wernerian Society, 1. 521. 
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pointed out in a preceding chapter of this work.* Hence the. chap. 1. 
observations just made on the combustion of olefiant gas will 
apply equally to these vapours. 

5. The phenomena which take place when the combustible Protoxiae 
gases are fired with protoxide of azote, are similar to those * 2 
that happen when they are fired with oxygen. The products 
vary, with the proportion of the ingredients; but they are 
always constant when the quantity of protoxide is sufficiently 
great to produce complete decomposition. As this supporter 
of combustion is itself a compound, it is always decomposed 
by its action on the other gas, and this adds greatly to the 
complexness of the result. It is to Davy that we are indebted 
for the most exact set of experiments on these decompositions. 

It may be inferred from the experiments of Davy and the 
observations of Gay-Lussac, that when equal volumes of pro- 
toxide of azote and hydrogen are fired by electricity, water is 
formed, and a quantity of azote evolved, amounting exactly to 
the original volume of the protoxide of azote. Hence the 
phenomenon is precisely the same as when oxygen and hydro- 
gen are exploded by electricity. The whole of the azote is set 
at liberty, and the whole oxygen of the protoxide of azote 
combines with the hydrogen. 

6. When 1 volume of phosphuretted hydrogen is mixed 
with 3 volumes of protoxide of azote, and the mixture burnt 
by means of electricity, there remains after the explosion ex- 
actly 3 volumes of azotic gas. Hence the combustion is the 
same as if the phosphuretted hydrogen had been mixed with 
14 volume of oxygen gas. The azote is entirely passive. 

Indeed it is not necessary to enter into details respecting the 
action of protoxide of azote on the combustible gases. — It is 
exactly analogous to the action of oxygen gas on the same 
elastic fluids. We have only to use double the volume of pro- 
toxide of azote to obtain the very same products as with oxy- 
gen, and there will always remain behind a residue of azote 
equal in volume to the protoxide employed. 

7. There can be little doubt that nitrous gas or deutoxide of 
azote will act upon combustibles exactly as protoxide of azote. 
Davy indeed could not succeed in firing mixtures of nitrous 
gas and hydrogen, or phosphuretted hydrogen.f But’ this 
was probably from not having hit upon the requisite propor- 

tions. For I found no difficulty in my experiments to fire 


* See vol. ii. p. 339, and 346. + Researches, p, 186. 
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such mixtures. Indeed nitrous gas and phosphuretted hydro- 
gen explode spontaneously if a bubble of oxygen gas be let 5 
up to the mixture of them. 

There is a decomposition of nitrous gas by nascent hydro- 
gen extremely difficult to explain. It was first observed by 
Priestley and Austin, and afterwards examined by Davy.* It 
takes place when moist iron is placed in contact with nitrous 
gas. The iron is oxidized at the expense of the water, hydro- 
gen is evolved, the nitrous gas is converted into nitrous oxide, 
and some ammonia is formed. 100 measures of nitrous gas, 
by this process, are reduced to about 413 measures of nitrous 
oxide, indicating a loss of 584 per cent, The simplest expla- 
nation is to suppose that 2 volumes of hydrogen are evolved 
for every 4 volumes of nitrous gas. These two volumes when 
nascent would combine with 1 volume of oxygen from the ni- 
trous gas, and would leave 1 volume of oxygen and 2 volumes 
of azote, which by condensing into half the bulk of the ni- 
trous gas would form protoxide of azote. On that supposition 
the diminution of the gas ought to be half its former bulk, and 
no ammonia ought to be formed. I am disposed to beiieve 
that this is really what takes place, and that the formation of 
ammonia is owing to some unknown action of the iron itself. 

8. In the remaining examples of decomposition exhibited in 
the table no combustion takes place; the change is slowly pro- 
duced by the continued action of electricity, and is in several 
instances not a little complicated. | 

One of the most remarkable of these decompositions is what 
happens when a mixture of hydrogen and carbonic acid are 
subjected to electric explosions, or passed through a red-hot 
tube. In both cases water is formed, and carbonic oxide 
evolved. Indeed, from the observations of Saussure, it is pro- 
bable that this decomposition takes place spontaneously. This 
change can be ascribed only to the superior affinity of hydro- 
gen for oxygen. It is curious that the elasticity of the hydro- 
gen does not prevent its combination with oxygen, especially 
as that oxygen is intimately combined with another principle.t 
It is extremely probable that many similar decompositions are 
going on in the atmosphere. 


* Priestley, ii. 41,and 54; Austin, Phil. Trans. 1788, p. 383 ; Davy, Re- 
searches, p. 206. ; 

+ See the experiments of Saussure, Jour. de Phys. liv.; and of Clement — 
and Desormes, Ann. de Chim, xxxix. 
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When electric sparks are taken in carburetted hydrogen 
containing the vapour of water, the bulk is increased, and car- 
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Vapour and 


bonic acid formed. Henry has shown that in this case water carburetted 


is decomposed, its hydrogen set at liberty in the elastic state, 
while its oxygen combines with a portion of the carbon of the 
gas, and forms carbonic acid. ‘This decomposition seems at 
first sight incompatible with the well-known greater affinity of 
oxygen for hydrogen than for carbon. It appears directly the 
reverse of the last example, in which hydrogen decomposed 
carbonic acid by the same means. Nor does it seem possible 
to explain it without having recourse to the doctrine of Ber- 
thollet, of the great effect of mass in chemical action. In the 
first case, the hydrogen bears a considerable proportion to the 
carbon ; but in the second, the proportion of carbon is much 
greater than that of hydrogen. 


SECT. IV. 
OF THE COMBINATION OF GASES WITH LIQUIDS. 


As liquids and gases are in a different state, and as the par- 
ticles of the latter must be brought into a more condensed state 
by their union with liquids in any notable proportion, the elas- 


ticity of the gases must oppose a resistance to this kind of 


combination, and regulate the proportion of elastic fluid which 
any liquid is capable of absorbing. Below this proportion, it 
is obvious that a liquid will unite with any quantity, inde- 
finitely, of a gas for which it has an affinity. Thus the only 
fixed point in these combinations is when the elasticity of the 


ydrogen. 


gas is just balanced by the affinity. The liquid is then said to. 


be saturated with the elastic fluid, because it will not absorb 
any more of it. 


Though the number of liquid bodies is pretty considerable, Action of 


the action of one only, namely water, upon the gases, has hi- 
therto occupied almost exclusively the attention of chemists. 
To it, therefore, we must confine ourselves in the present 
Section. . A few observations only can be offered on the other 
liquids. 

That water has the property of absorbing a certain portion 
of air, which’ may be again separated by boiling, has been 
known ever since the discovery of the air pump. That if pre- 


water on 
gases. 
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viously freed from air, it will take up some part of every ga- 
seous fluid whatever, was early perceived by Dr. Priestley, 
who directed a good deal of his attention to the effect which . 
water enddcede upon different kinds of air. Mr. Cavendish 
ascertained the proportion of carbonic acid gas absorbed by 
air in different circumstances. Priestley made similar expe- 
riments upon a variety of other gases. The subject was pro- 
secuted by Delametherie, Senebier, and other foreign che- 
mists; but it is to the recent experiments of Dr. Henry, Mr. — 
Dalton, and M. de Saussure, that we are indebted for almost 
all the precise notions which we possess respecting this curious 
subject. 

The gases, if considered with reference to their absorption 
by water, may be divided into two classes; those that are ab- 
sorbed in a small proportion, and those that are absorbed in a 
great. Almost all the gases belong to the first class; ammonia, 
muriatic acid gas, and a few other acid gases, are the only ones 
known at present which belong to the second. We shall con- 
sider, in the first place, the union of the first class of gases, 
and afterwards those of the second class. 

I. The following table exhibits a list of the gases which are 
but little absorbable by water, placing them in the order of 
their absorption, and beginning with the least absorbable: 


Azotic gas Oxygen gas 
Hydrogen gas Deutoxide of azote 
Arsenical hydrogen ~ Olefiant gas 
Carburetted hydrogen Protoxide of azote 
Carbonic oxide Carbonic acid 


Phosphuretted hydrogen Sulphuretted hydrogen 


1. When water, impregnated with any of these gases, is 
placed under the exhausted receiver of an air pump, the gas 
separates from the water and assumes its elastic form. Hence 
it follows, that the force by which these gases are retained by — 
water is inferior to that of their elasticity. They continue in 
the water only as long as they are subjected to an external pres- 
sure, equal to that which they sustained when the water was 
impregnated with them. If this pressure be increased, the 
proportion of them which water is capable of taking up in- 
creases ; if the pressure be diminished, the pr oportion taken 
up by water diminishes in like manner. Hence, in making 
experiments, similar results can be obtained only when the 
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pressure is the same, or when the barometer stands at the same Chap. 1. 
height. — | 

The quantity of gas taken up by water is likewise affected Laat iv: 
by the temperature, because the temperature increases the tie temper. 
elasticity. ‘The quantity of gas absorbed diminishes as the ““ 
temperature increases, and increases as the temperature di- 
minishes. Similar results, therefore, can be obtained only 
when the thermometer stands at the same point. 

Common water always contains a certain quantity of air, ana purity 
which varies in its nature and proportion according to cir- *"°“**" 
cumstances. ‘This air affects ‘the power of water to absorb 
gases. Similar results can only be obtained when it is re- 
moved. This is done by subjecting the water to long boiling, 
or by placing it under the exhausted receiver of an air pump. 

2. When the pressure, temperature, and purity of the water 
are the same, then water absorbs a determinate quantity of 
every individual gas, ‘This has been decisively demonstrated Experts 
by the experiments of different chemists, especially by those meni 
of Dr. Henry, Mr. Dalton, and M. de Saussure.’ It is by ton, and 
no means an easy matter to determine with accuracy the ab-°““"* 
solute quantity or bulk of gas which water will take up, be- 
cause that is affected by a variety of circumstances that cannot 
always be appreciated. ‘The experiments of the three chemists 
just mentioned are most to be depended on. Those of Dr. 
Henry were made with much precision, and with an appara- 
tus well calculated to ensure accuracy; while that of Dalton 
is distinguished by that simplicity which characterizes all his 
experiments. Dr. Henry employed a glass syphon, one of the 
legs of which was long and narrow, the other was a cylin- 
drical glass much wider, and terminating both above and 
below in a stop-cock. This vessel was accurately graduated, 
as well as the narrow leg of the syphon. The horizontal 
portion of this syphon consisted partly of a tube of caoutchouc, 
which made it flexible, and enabled the operator to agitate 
the glass cylinder, or. wide leg of the syphon, without risking 
the fracture of the whole. The cylindrical vessel was first filled 
with mercury. The requisite portion of water was introduced 
by the upper stop-cock, while the same bulk of mercury 
escaped by the lowermost stop-cock. The requisite portion 
of gas was introduced over the water in the same way. Thus 
the surface of the mercury was made horizontal in both legs 
of the syphon. The wide leg was agitated. The subsidence 
of the mercury in the narrow leg marked the absorption, and ° 
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Book 1. the quantity of mercury, added to restore the horizontal level, 
gave correctly the bulk of the gas which was taken up by the 
water.* Mr. Dalton employed a phial provided with a very 
accurate ground-stopper for the less absorbable gases, and for 
the more absorbable, a glass tube accurately graduated. It 
was filled with the gas, a small portion was expelled under 
water, and a little water admitted; it was then agitated, the 
mouth being shut with the finger. The finger being removed 
occasionally under water, the quantity of that liquid which 
entered marked the proportion of gas absorbed.+ 

The following table exhibits the bulk of each gas absorbed 
by 100 cubic inches of water at the temperature of 60°, ac- 
cording to the experiments of these philosophers : 


Absorption according to - 


RN ee od 
Table of Gases. Henry. Dalton. Saussure. 
the bulk of Sulphuretted hydrogen........106 100 253 
acre Carbonic. acid vac aut vais 108 4 100 Oe 
water. Protoxide of azote........ bg sine OO aed OO 76 
Olefiant gas... 60 eee seeiess one 125 as 
Deutoxide.of azote o.s. 0s. 05. 5° Bihan igo 
OXYEN GAS «eines bees tiny 3°. WS Ppa 
Phoasburctted hydrogen ...... 214. — — 
Carburetted hydrogen ........ Ge Teme par fe 
AZOUG GBS cise so ig)s:tieleie se Sie, aloe 1:53 «1560 41 
Hydrogen, «ose sos nln tens soins 161 1:56 46 
Carbonic: oxide ¢ cseres  si¥csiee cai Ok tL eee 


The difference between these columns is not greater than might 
be expected in experiments of such delicacy. Indeed, in se- 
veral instances, this difference may be explained in a satis- 
factory manner. But it is necessary to mention, in the first 
place, that Mr. Dalton’s numbers are not the direct results of 
his experiments, but these results corrected by the application 
of a theory which he invented ; whereas Dr. Henry’s and de 
Saussure’s are without any such correction. 


* See Phil. Trans. 1803, and Nicholson’s Jour. vi. 229. The only ex- 
ceptionable part of this apparatus was the caoutchouc joint. It would 
yield somewhat according to the weight of mercury, and thus prevent the 
absorption from being accurately measured by the height of the mercury in 
the narrow leg of the syphon. 

+ See Manchester Mem. vol.i. second series; and Phil. Mag. xxiv. 15, 
For a description of the apparatus of de Saussure, I refer to the Annals of 
Philosophy, vol: vi. p. 346, and vol. vii. p. 218. 
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Mr. Cavendish found, that at 55° Fahrenheit 100 inches of chap. 1. 


water absorbed in some cases 116 inches of carbonic acid, or 


nearly 11 time its bulk. Dr. Henry likewise found the quan- 
tity exceed the bulk of the water. Now it is difficult to see, 
from his experiments on the absorption of this gas, how the 
error, at least of Cavendish, should be on the side of excess. 
We may presume, therefore, that Mr. Dalton’s number is 
rather small. The same reasoning applies to sulphuretted 
hydrogen. 

Mr. Dalton informs us, that he has succeeded in making 
water absorb very nearly its own bulk of protoxide of azote.* 
In Dr. Henry’s first experiments, he found the absorption of 
this gas only 50;+ while Davy stated it at 54.{ It has been 
since ascertained, that this deficiency was owing to the im- 
purity of the gases examined. I consider Saussure’s number 
as pretty nearly correct. 

The quantity of nitrous gas absorbed by water is usually 
greater than it ought to be, because water ‘contains a. little 
oxygen gas; this gas combines with and converts a portion 
of the nitrous gas into nitrous acid. For this reason we may 
consider Mr. Dalton’s statement respecting this gas as nearly 
correct. 

The carburetted hydrogen gas examined by Dalton was 
from marshes, and of course pure. Dr. Henry does not men- 
tion the source from which he procured his. If it was from 
moist charcoal, as is not unlikely, the greatest part of it must 
have been carbonic oxide, which would account for the dif- 


ference between his statement of the absorbability of carbu-_ 


retted hydrogen and that of Dalton. Upon the whole, Dal- 
ton’s numbers do not deviate far from the truth. 

Mr. Dalton is of opinion that Saussure is wrong in the ab- 
sorbability of oxygen, azote, and indeed all the gases which 
are but, very little absorbable by water. He conceives the 
error to proceed from the capacity ofthe vessel, in which the 
gases were measured, having been ascertained while it was 
dry, but the gases were put into it, and their quantity’ mea- 
sured when the inside surface of the vessel was moist. § 

3. Were we to consider Dalton’s table as correct, it would 
follow from it that all these gases may be arranged under four 
sets. Water absorbs its own bulk of the first set, 4th of its 


* Phil. Mag. xxiv. 15. + Nicholson’s Journal, vi. 231. 
- { Researches, p. 140. § Annals of Philosophy, vii. 218. 
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bulk of the second set, ~'-th of its bulk of the third set, 
and .1-th of its bulk of the fourth set. But these fractions 
are the cubes of the reciprocals of the natural numbers ; 


] ] ] ] 
thus 35> ag? We 


quence follows from this, that the distance between the parti- 
cles of each gas, when contained in the water, is always either 
the same as before its absorption, or some multiple of it. In 
the first series of gases it is the same. The density of car- 
bonic acid, sulphuretted hydrogen, and nitrous oxide, and 
the distance between their particles, is the same in water as 
when they constitute an elastic atmosphere. The density of 
olefiant gas is Ith, and the distance between its particles twice 
as great as when constituting an elastic atmosphere. ‘The 
nee of oxygen, and the bile gases which constitute the 
third series, is =1,th, and the distance between their particles 
three times as great when in water as when constituting an 
elastic atmosphere. The density of azote and the fourth series 
of gases is ;!,th, and the distance between their particles four: 
ties as great as when elastic. But the subsequent experi- 

ments ve Saussure given in the third column of the table 
show us that this law does not exist, and that there are no such 
simple relations, as Dalton has supposed, between the density 
of gases in and out of water. 

4. From the experiments of Dr. Henry upon gases sub- 
jected to different degrees of pressure, from that of one to that 
of two or three atmospheres, and thus reduced to double or 


Now this very unexpected conse- 


triple their usual density, that philosopher has deduced the 


following very important general law: Water, of the same 
temperature, always takes up the same bulk of each gas, what-— 
ever be its density. ‘Thus, if we suppose that water at 60° 


-absorbs just its bulk of carbonic acid gas in its ordinary state 


of density, it will still continue to absorb its own bulk, though 
that gas be condensed into half its usual space, or 1d its usual 
space, and so on. . Hence it. follows, that by increasing the 
pressure sufficiently, we may cause water to absorb any quan- 
tity of gas we please. ‘To cause water to absorb what is equi- 
valent to twice its bulk of carbonic acid, we must make it 
absorb the gas under an additional pressure of 30 inches of 
mercury; to make it absorb what is equal to thrice its bulk, 
we must subject it to a pressure of 30 inches, and soon. To 
cause water to absorb what is equal to 4d of its bulk of oxy- 
gen gas, there would be required a pressure of about 10 at- 


_— 
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mospheres, or a column of mercury 270 inches, or 224 feet chap. 1. 
long. rennin! 

On the other hand, if we Bicceaate the usual atmospheric 
pressure, and thus expand gases to twice, thrice, &c. their 
usual bulk, water at the same temperature will still absorb 
exactly the same number of cubic inches, and of course only 
one-half or one-third the weight of gas which is taken up 
under the usual pressure of the atmosphere. Hence we see 
the effect of placing water impregnated with gases under the 
exhausted receiver of an air pump. The same bulk of gas 
will still continue in the water, but its density will be diminish- 
ed according to the exhaustion. If the exhaustion be carried 
to $00 times, the quantity remaining in the water will be 
only 1,th of the original quantity. 

5. If the quantity of gas absorbed by water depends entirely apcorvea 
upon the pressure, if it increases and diminishes precisely as sas retain 
the pressure does, we cannot hesitate to allow that the gases ticity. 
still retain their elasticity after they have been BbsbrBER by 
the water. The combination (if the absorption of gases by 
water be entitled to that name). seems at first sight scarcely 
comparable with chemical affinity; for the water takes up 
any quantity of gas whatever, provided the bulk be the same. 

The proportion of the ingredients in this case is entirely re- 
gulated by the bulk, whereas in chemical combinations it is | 
regulated by the weight. 

Here, then, we have a species of combination seemingly 
different from every other; the law of which is, that there 
must always exist a constant ratio between the density of the 
portions of gas within and without the water. Mr. Dalton Gases sup- 
conceives that the absorption of the gases is merely mechani- Ps" °n 
cal; that they do not really combine with the water, balare cally mixes 
forced into its pores; that the gas contained in the water ok ae 
does not press upon that liquid, but merely on the contain- 
ing vessel; and that it is precisely in the same state with re- 
gard to the water as if it were diffused in a vacunm. But 
there are two circumstances which appear to me to be in- 
compatible with this notion. ‘The first is, that heat is evolved 
when carbonic acid gas and sulphuretted hydrogen are ab- 
sorbed by water. Dr. Henry pe Nay that a thermometer 
plunged in the liquid rose from + to 3ths of a degree.* The 
second is, that the bulk of the ohice is incr saad by the im- 


- * Nicholson’s Journal, v. 225. 
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pregnation; for the specific gravity of water impregnated 
with carbonic acid gas is less than it ought to be. Thus. 
Bergman found the specific gravity of water, saturated with 
carbonic acid at the temperature of 36°, to be 1:0015,* com- 
pared with that of water of the same temperature; whereas it 
ought to have been 1°0019, even on the supposition that it 
had taken up only its own bulk of acid gas, while Bergman 
expressly assures us, that the water took up more than its 
bulk. Thus it appears that water suffers an expansion by 
absorbing carbonic acid gas, which would be impossible unless 
the gas acted upon it. For surely it will not be contended, 
that any supposed elasticity in the water itself is equivalent 
to so great a change of bulk as that above mentioned. 
There must then be an action between the atoms of the gas 
absorbed and the water. Farther, the evolution of heat, not- 
withstanding this expansion, is altogether inconsistent with 
what happens in every case, unless we suppose that a species 
of combination takes place between the particles of gas and 
the water, and that the evolution is the consequence of this 
combination. 

If the mixture of gas and water were merely mechanical, 
no good reason could be assigned why the very same bulk of 
each should not be forced by the same. pressure into the pores 
of water. It is this circumstance, apparently so puzzling, 
that serves as a key to the whole, and enables us to reduce 
the absorption of the gases by water to the simple principles 
of chemical affinity. The elasticity of the gas, as Berthollet 
has shown, opposes its union with bodies that are non-elastic, 
and limits the quantity of gas which can combine; for when 
the attraction between the liquid and gas is just balanced by 
the elasticity, no more gas can be absorbed. Were it not for 
this elasticity, the proportion of gas that might be dissolved 


_ by a liquid would be indefinite. 


Let us suppose the pressure of the atmosphere to be com- 
pletely annihilated. In that case the gaseous bodies would 
expand indefinitely till their atoms exercised no sensible re- 
pulsion. Let us now suppose a quantity of such a gas to be 
exposed to the action of water. The liquid would absorb it, 
and the particles of gas thus taken up would arrange them- 
selves in regular order at determinate distances from each 
other. ‘hese distances would regulate the quantity of each 


* Opuse. i. 9. 
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gas taken up, while the distances themselves would be regu- Chap. 11. 


lated by the affinity between the gas and the water. The 
greater the affinity, the nearer might the atoms of gas ap- 
proach each other before their elasticity balanced the affinity 
between them and the water. In such a supposed case we 
have no means of determining what the bulk of each gas ab- 
sorbed would be; though we are certain that it would bear 
some proportion to the affinity between it and water. The 
quantity absorbed, estimated by weight, would. be altogether 
inappreciable. 

Now let us suppose that the gases are subjected to a certain 
pressure, as that of 30 inches of mercury, equivalent to an 
atmosphere. In that case they undergo a great augmentation 
of density, and a proportional augmentation of elasticity; 
but this increase of elasticity being just balanced by the pres- 
sure, it is the same thing with respect to their absorption by 
water as if there was no augmentation; or, in other words, 
the gas, notwithstanding its increase of density, presents no 
greater obstacle to its absorption by water than before; for 
whatever the density of gases may be, in as far as that density 
is produced by pressure, it is balanced by the pressure. Hence 
whatever the density of a gas may be from pressure, water 
ought to absorb always the same bulk of it; and the know- 
ledge that this is in reality the case, we owe' to the experiments 
of Dr. Henry. ‘This law, so far from being a demonstration 
that the absorption of gases by water is merely a mechanical 
effect of the pressure, ought to hold even on the supposition 
that the combination is chemical ; while the determinate pro- 
portions of each gas absorbed is a demonstration that the 
combination is chemical, and that it is regulated by the pro- 
portion which exists between the repulsion of the particles of 
gas and the attraction of water for these particles. The water 
will absorb such a portion of each, that the repulsion between 
the particles absorbed just balances the affinity of water for 
them. If the affinity be double, the repulsion may be dou- 
ble; if the affinity be one-half; the repulsion must be one- 
half; and so on. 

From the experiments of Henry and Dalton we learn, that 
the affinity between water and carbonic acid is such as nearly 
to balance the elasticity. Hence that gas combines with water 
with but little or no change in its density; but the affinity be- 
tween water and olefiant gas being only half as great as the 
elasticity, the distance between its particles, when it combines 
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Book Il. with water, must be double, and of course water will only 
combine with 1th of the bulk of this gas that it does of car- 
bonic acid, supposing both gases before absorption to be under 
the same pressure. For that portion of olefiant gas, when it 
combines with water, must expand when in the water so as to 
occupy eight times its former bulk. In like manner, the 
affinity of oxygen gas being ‘only 1d that of the elasticity, 
water will take up 27 times as much in bulk of carbonic acid 
as it will of oxygen ; because, when the atoms of oxygen com- 
bine with the water, they must separate to triple their former 
distance, that the affinity and elasticity may balance each 
other. ‘The affinity of azote for water being only ith of its 
elasticity, water will absorb 64 times as much of carbonic acid 
as of it; because, when the atoms of azote combine with the 
liquid, they must separate to four times their former distance 
before the affinity is capable of balancing the elasticity. 
se eac ama 6. From the experiments of Dr. Henry, amply confirmed 
sorbed de- by those of Mr. Dalton, we learn, that the proportion of any 
sree gas absorbed by water depends greatly upon the nature of the 
gaseous residue. ‘Thus, if we take 100 cubic inches of water, 
and agitate them in 200 cubic inches of carbonic acid at the 
common temperature, at least 100 inches of the gag, will be 
absorbed. In this case the residue is pure carbonic acid; 
but if we mix together 200 inches of carbonic acid and 100 
inches of common air, and agitate 100 inches of water in 
them, in that case the residue will not be pure carbonic acid, 
but a mixture of carbonic acid and air. ‘The quantity of acid 
gas taken up from such a mixture will not be 100 inches as 
~ before, but only 60 inches.* Here, when the residue was 
pure carbonic acid, .a much greater proportion of gas was 
absorbed than when it was a mixture of carbonic acid and 
air. ‘This holds generally when the residue contains a foreign 
gas; the quantity absorbed is less than usual, and it diminishes 
in proportion to the quantity of foreign gas present. 
Gases sepa- If a quantity of water fully impregnated with any gas be 
water when PUt into a vessel containing any other gas, a portion of the gas 


water when 
Provght in makes its escape out of the water, and mixes with the super- 
other gases, Incumbent elastic fluid. ‘The quantity which thus. escapes is 
proportional to the bulk of the superincumbent gas compared 
with the bulk of the water. Hence if water, impregnated with 


carbonic acid, be exposed to the open air, almost the whole of 


* Henry, Nicholson’s Jour. v. 233. 
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the acid makes it escape, and the water becomes insipid. If chap. 1. 


a little water impregnated with sulphuretted hydrogen, or 
nitrous oxide, be let into a large jar full of oxygen or any 
other gas, the sulphuretted hydrogen, or nitrous oxide, makes 
its escape in a great measure, and mingles with the oxygen. 
To preserve the impregnation entire, the water must either be 
kept in close vessels, or pressed upon by an atmosphere of the 
very same gas which it contains. 

This curious law was first discovered by Dr. Henry, who 
announced it as a demonstration of the truth of Mr. Dalton’s 
peculiar theory of the non-elasticity of gases to each other.* 
For if a gas can be retained in water by the pressure of an 
atmosphere of its own gas, and not by that of any other, it was 
inferred that gases do not mutually press upon each other. 


7. The proportion of gases absorbed by water is considerably Proportion 


influenced by the temperature. Dr. Henry found, that 100 


of gas ab- 
sorbed de- 


inches of water at 55° absorbed 108 inches of carbonic acid ; Pends tren 


One hundred cubic inches of water at 55° absorbed 106 inches 
of sulphuretted hydrogen, while at 85° it absorbed only 95 
inches.t We are not to consider these numbers as correct, 
because Dr. Henry did not attend to, the purity of the residue ; 
but they are sufficient to show us that the proportion of gas 
absorbed is affected by the temperature. 

The reason of this is quite obvious. The elasticity of gases 
increases with their temperature; but the proportion of them 
absorbed by water must of course diminish at the same rate 
as their elasticity increases. ‘That this is the true explanation 
has been shown by an experiment of Dalton. If water im- 
pregnated with gas, and having an atmosphere of the same 
gas over it, be confined in a well-stopped phial, it may be ex- 
posed to any change of temperature between 32° and 212° 
without any change in the proportion of the gas contained in 
the water.{ In this case the superincumbent gas suffers the 


same change of its elasticity as the portion contained in the . 


water, and consequently balances that change. The gas and 
the water continue exactly in the same situation with respect 
to each other as if no change whatever had taken place. 

8. If a sufficient quantity of pure water be agitated with 
any pure gas whatever, the whole of that gas will be absorbed 


* Nicholson’s Jour. viii. 298. + Ibid. p. 235. 
t Phil. Mag. xxiv. 13. 


tempera= 


but the same quantity of water at 85° absorbed only 84 inches. ture. 
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Book 11. Without leaving any residue; but if the water is not absolutely 

base cent pure, then there will always remain a residue, and that resi- 
due will consist partly of the gas absorbed, and partly of the 
gas previously contained in the water. 

Water sup- A great number of experiments have been made on this 


posed by 


sometocon- Subject by. different chemists, especially Dr. Priestley * and 
vert gases 


into azote. Mr. Berger; + but as they neglected to notice the nature 


and quantity of gas with which the water used was impreg- 
nated, and likewise (in many cases) the purity of the gas used, 
no satisfactory conclusions can be drawn from their experi- — 
ments. 

Berger found that when common air was allowed to stand 
over water till it had lost 4th of its bulk, the residuum con- 
sisted wholly of azotic gas, for phosphorus produced no sen- 
sible change in its bulk. Dr. Priestley found the same change 
produced when the bulk of the air was reduced to 0°7 or to °75. 
This change is obviously connected with some particular 
change which takes place in stagnant water; probably a spe- 
cies of putrefaction. Some substances contained in the water, 
and taken up from the vessel, seem to acquire the property of 
uniting with oxygen, and thus withdrawing it from the water 
as rapidly as it dissolves. Thus Mr. Dalton found, that water 
kept.in a wooden trough very soon lost the whole of its oxy- 
gen.{ It is not so easy to explain the result obtained by 
these philosophers when nitrous gas and hydrogen gas were 
left standing over water. Bergman found that both gases, by 
long standing, lost ths of their bulk; the residue was azote. 

Such are the phenomena of the absorption of gases by 
water. They all admit an easy explanation, on the supposi- 
tion that there exists an affinity between the gases and water, 
and that the proportion of each gas which is absorbed is re- 
gulated by its affinity for the water and by its elasticity. Let 
us now consider the more absorbable gases. 

II. All the very absorbable gases belong to the class of 
supporters, acids or alkalies. The following is a list of such 
of them as have been hitherto examined, placed in the inverse 
order of their absorbability : 7 | 

SLY oF the 1. Chlorine | 5. Muriatic acid 


more ab- 2. Cyanogen 6. Fluoboric acid 
sorbable ° . 
gases, 3. Sulphurous acid 7. Ammoniacal gas. 
4. Fluosilicic acid 
* Amer. Trans, v. 21. + Jour. de Phys. lvii 5. 


t Phil. Mag. xxiv. 17. 
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1. The following table exhibits the number of measures of Chap. 11. 


each of these gases absorbed by one measure of pure water : 


Onl otine’, (21s sary hie 2g 
Cyan renin 2204s, RE 
Sulphurous acid * ........ 43°78 
Fluosilicic acid f 0.22... 56304 
Muriatic’acid ....... CAN.9 516 
Fluoboric acid t..... fe fk AC700 
Ammoniacal ............ 780 


2.. When a cubic inch of water is saturated with the pre- 
ceding gases, it under goes an increase of bulk. The following 
table exhibits the bulk of the water when thus saturated, sup- 
posing the original bulk to have been 1. 


Saturated with Cubic Inches. 
hlOrine es. +2 veneer. noite 1:002 + 
Sulphurous acid .......: 1°040 
Eluosilicic-acid... +54! .«-.-.-— 
Muriatic acid ......6. +. 1°500 
-Ammoniacal........... 1666 


Thus the particles of the water, by this impregnation, are 
separated farther from each other than they were at first. 
Hence the density of the gas absorbed is not so great as it 
- would appear to be at first sight from the bulk of it absorbed. 
Thus, though one cubic inch- of water absorbs 516 cubic 
inches of muriatic acid gas, yet as the cubic inch expands 
during the absorption so as to become 14 cubic inch, it is ob- 
vious that only 2ds of the 516 inches of gas are contained in 
a cubic inch ; the remaining third is necessary for the addi- 
tional half inch produced by the expansion of the water. 
Hence the density of the muriatic acid gas in the inixture is 
just 2ds of 516, or 344, That is to say, that every cubic inch 
of such saturated water contains 344 cubic inches of muriatic 
acid. By a similar method may the density of each of the 
gases in water saturated with them be ascertained. The fol- 
lowing table exhibits these densities :- 


TMOTINE:. oc. 5 sepa ate eet 
SSH OMEFOUS. «ia «sis gtbicais awe Oboe 
EUTIAtiC.-.,. .-. «4064 pees 3440 
PROTONS, ©.» », aigemeeeiei no oo 468:°0 


* By Saussure’s experiments. My own trials gave 33. 
+ John Davy, Phil. Trans. 1812, p. 357, 367. 
VOL. III. | F 


Bulk of 
them ab- 
sorbed by 
water. 


Expansion 
of the water. 


Quantity 

contained in 
a given bulk 
of the water. 
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From this table it appears that the atoms of sulphurous acid 
gas in water saturated with it are nearly three times nearer 
each other than in their usual state; those of muriatic acid 
seven times nearer, and those of ammonia are almost eight 
times nearer. 

3. It will not surely be denied that the absorption of these 
gases by water is the consequence of an affinity between them 
and that liquid; for it is impossible on any other supposition 
to explain the enormous condensation which they experience, 
notwithstanding their elasticity. Yet the phenomena are in 
every respect the same, except in degree, with those of the 
gases considered in the preceding part of this section, Not 
only the rapidity of absorption, but even the quantity ab- 
sorbed, is materially affected by the mixture of them with 
other gases. They only expel each other partially from water, 
as happens to the other gases. When liquid ammonia is 
thrown up into a barometer tube, the mercury immediately 
sinks ten inches. ‘The other gaseous solutions produce a si- 
milar effect. They are expelled likewise when the impreg- 
nated liquid is placed under the receiver of an air-pump, and 
when it is exposed to a boiling heat. In short, it is impossible 
to point out a single circumstance in which the absorption of 
these gaseous bodies by water differs from that of the first 
class of gases, excepting merely the bulk of them absorbed. 


In most of the gases belonging to the first class, the gases 


Absorption 
of gases by 
other li- 
guids. 


experience an expansion when absorbed: while in all those of 
the second they undergo a condensation. ‘The condensation 
demonstrates that the affinity of the gases for water is greater 
than their elasticity; while the expansion indicates, just the 
contrary. 

If the affinity be measured by the cube root of the relative 
condensation, then it will follow. that the affinity of muriatic 
acid for water is 28 times greater than that of azote, and the 
affinity of ammonia 32 times greater; that the affinity of 
muriatic acid is seven times greater than that of carbonic acid; 
and so on. 

III. With respect to the absorption of gases by other li- 
quids, we are not in possession of many experiments of a de- 
cisive nature. Dr. Priestley tried the absorption of various 
gases by alcohol, ether, and different kinds of oils; Mr. Dal- 
ton has likewise made some experiments on the subject, but 
he has only announced the result of them in general terms. 
M. Theodore de Saussure however has made some experi- 
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ments on this subject which are possessed of considerable va- Chap. 1. 


Tue, and which show us that the absorption of gases by other 
liquids follows different proportions from their absorption by 
water. ‘This is a further reason for considering chemical 
affinity as the cause of that absorption. The following table 
exhibits the volumes of different gases absorbed by 100 vo- 
lumes of alcohol of the specific gravity 0°84, according to 
the experiments of De Saussure.* 


Sulphurous acid gas ...... : MRR DTT 
Sulphuretted hydrogen........ 606 
Carbonic acid ...... ES Pn a - 186. 
Protoxide of. azote 2... eeece sas. 183 
Mlehiant as .siesisie Ol ies «ah Pei 12.7 
CPx yen 2AS...(.. sora, peel uke 16°25 
Carbonic oxide ........... blblatbics Lae 
Oxy-carburetted hydrogen...... 70 
PA VOVOMER Thu aissdizabels lobe ss ons ap ae SL 
BIE as oils ai ores, e yuihiace ip aie 4°2 


From this table it appears that alcohol absorbs above eight 
times as much olefiant gas as water does. It would be curious 
to know the effect of this absorption on the specific gravity 
of the alcohol. i 

The following table exhibits the volumes of four different 
gases absorbed by 100 volumes of the following liquids, ac- 
cording to the experiments of Saussure: + 


1. Native naphtha, of the specific gravity 0-784. 

2. Oil of lavender, of the specific gravity 0-88. 

3. Olive oil. 

4. A saturated solution of muriate of potash in water 


Solution of 
Olive oil. muriate of 
potash, 


Benemirasss 261°... . 209) wen 1225.06 10 
Nitrous oxide .. 254 .... 275 .... 150 ....21 
Carbonic acid .. 169 .... 191 .... 151 ....61 
Carbonic oxide. 20 .... 15°6.... 14°9.... 5°2 


Oil of 


Naphtha, lavender, 


The following table, from the experiments of the same 
chemist, exhibits the volumes of carbonic acid gas absorbed 


* Annals of Philosophy, vi. 340. 
+ Ibid. p. 341. 
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Book 1. by 1 volume of a great number of liquids, differing very 
—~— much from each other in the proportion of their viscidity and 


fluidity.* 


3p. Gr. |Volumes 
Liquids. of of gas 100 Parts of the solution contain 
Ditto. jabsorbed. 


Alcohol. ......++4+- 0:803) 2°6 
Sulphuric ether ..../0°727; 2°17 
Oil of lavender ....|0°880) 1°91 
Oil of thyme ...... 0:890| 1:88 
Spirit of wine ..... 0°84 | 1°87 } 


Rectified naphtha ..}0°784) 1°69 
Oil of turpentine ..j0°86 | 1°66 


Linseed oil ..... «40°94 | 1°56_ 

Olive oil ..........{9°915] 1-51 

Water Win. seheews. 1-000, 1:06 

Sal ammoniac... ..|1°078 0°75 | 27°53 crystals, Saturated solution 
Gum arabic.... ... 1-092} 0-75 | 25 gum 

Suvari Gynt. sensu 1-104) O°72 | 25 sugar 

ALUM gic: eb emo 1-047} O-7 | 9°14 crystals. Saturated solution 


Sulphate of potash. .|1°077) 0°62 | 9°42 crystals. -Saturated solution 
Muriate of potash,. .{1°168, 0°61 | 26 crystals. Saturated solution 
Sulphate of soda... ./1*105!) 0°58 at salt dried at a red heat. Saturated 


| solution 
INTE: VIP kat 1-139) 0:57 | 20°6 crystals. Saturated solution 
Nitrate of soda. ..|1:206 0°45 | 26-4 crystals, Saturated solution 
Sulphuric acid ...... 1-84 | 0-45 
Tartaricacid ... ... 1-285] 0-41 | 53:37 crystals. Saturated solution 
Common salt........ 1-212) 0°329! 29 salt. Saturated solution 
_Muriate of lime ....{1°402} 0-261) vena dried ata red heat. Saturated 
solution 


From the preceding table, it would appear that alcohol and 
oils absorb a much greater proportion of gases than water. 
Saussure is.of opinion that the power which liquids possess of 
absorbing gases diminishes as their specific gravity increases. 
But the preceding table does not accord very well with that 
opinion. For sulphuric ether, although specifically lighter 
than alcohol, absorbs a smaller proportion of carbonic acid 
gas. Nitric acid absorbs an enormous quantity of nitrous 
gas, for which it has a strong affinity, and is gradually con- 
verted into nitrous vapour, while the other acids act upon it 
nearly as water does. The same gas is absorbed in consider- 
able quantities by sulphate, nitrate, and muriate of iron; in 
small quantities by sulphate of tin, sulphate of zinc, muri- 
ate of zinc,+ and several of the salts of copper. 


* Annals of Philosophy, vi. 342. 
+ Priestley on Air, 1.372; ii. 229; Davy’s Researches, p. 160. 


¥ 


COMBINATION OF GASES WITH SOLIDS. 69 


SECT, V. 
OF THE COMBINATION OF GASES WITH SOLIDS. 


As gases and solids are in a state still more different from Chap. 11. 
each other than gases and liquids, their combinations must be 
attended with still greater difficulties. It will be opposed on 
the one hand by the elasticity of the gases, and on the other 
by the force of cohesion, which unites together the particles of 
the solid; and no combination can take place unless the affi- 
nity be sufficiently strong to overcome the one or the other of 
these forces. The new compound will be either gaseous, solid, 
or liquid, according to the proportion of the constituents com- 
bined, and the intimacy of their union. Let us examine, in 
the first place, the combination of the simple gases with solids, 
and afterwards turn our attention to the compound gases. 

I. The simple gases are in number four; namely, oxygen, simpie 
chlorine, hydrogen, and axote. sah 

1. The only simple bodies known are carbon, boron, silicon, 
phosphorus, sulphur, and the metals. Now oxygen is capable 
of combining with them all. 

With carbon it unites only in two proportions, as far at least oxygen with 
as we know at present, and forms the two compounds called Sac 
carbonic acid and carbonic oxide. We have seen in a former 
part of this work that carbonic acid is a compound of 1 atom 
carbon and 2 atoms oxygen; and carbonic oxide of 1 atom 
carbon and 1 atom oxygen; and that if the weight of an atom 
of oxygen be 1, an atom of carbon will weigh 0°75. Hence 
we have 


Carbonic oxide composed of.. 0°75 carbon + 1 oxygen 
(arponte aeid..8 228 2202 0°75 Fg 

Or, which is the same thing, 
Carbonic oxide composed of .... 3 carbon + 4 oxygen 


Carbonic acid’ S25. 0 ore 28 ao + 8 

Or, | 
Carbonic oxide composed of 100 carbon + 133°3 oxygen 
SSEDONIC, ACIG isinjy'-. + - + eee + 266°6 


The specific gravity of a volume of carbon, supposing it in 
the gaseous state, is 0°416. Carbonic oxide is composed of a 
volume of carbon and half a volume of oxygen condensed into 
1 volume. Carbonic acid of a volume of carbon and a vo- 
lume of oxygen, condensed into 1 volume. Hence the spe- 
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Book 1. cific gravity of carbonic oxide is 0°416 + 0°555 = 0° 9722, and 
the specific gravity of carbonic acid 0°416 + 1°111 = 1°5277, 
numbers which agree sufficiently with experiment. 

It is remarkable that carbonic oxide cannot be formed di- 
rectly by the union of oxygen and carbon or charcoal. It is 
only obtained by the decomposition of a product of combus- 
tion by means of a combustible. ‘The products thus decom- 
posed are carbonic acid bY metallic oxides and hydrogen, and 
water by charcoal. 

Oxygenwith 2. Oxygen combines, as far as we know at present, with only ° 

porous 1 proportion of boron, constituting boracic acid. We have 
concluded, from the phenomena stated in a preceding part of 
this work, that boracic acid is a compound of 1 atom boron 
and 2 atoms oxygen; and that an atom of boron weighs 0°875. 
Hence boracic acid is composed of 


0875 boron + 2 oxygen, or of 
100 try 2B85bq 


Oxygen with 3. Oxygen is capable of uniting likewise with at least three 

phosplorus-’ yroportions of phosphorus, forming the compounds called hy- 
pophosphorous acid, phosphorous a Sere and phosphoric acid. 
They are all solid substances. In this respect they differ ex- 
tremely from the combinations of oxygen and carbon, which 
are chiefly gaseous. This is directly the reverse of what one 
would have expected @ priori; carbon is the least disposed to 
assume the elastic form of all the solid bodies known: for no 
degree of heat is capable of melting it, far less of volatilizing 
it; whereas phosphorus may be converted into vapour with 
comparative ease, since the heat of our fires is capable of boil- 
ing it very readily. The difference seems to depend upen the 
density of the atoms of phospherus, and upon the compara- 
tively small quantity of oxygen with which they unite. We 
have found reason to conclude, from the phenomena stated in 
a preceding part of this work, that an atom of phosphorus 
weighs 1°5, and that the two last acids are composed respec- 
tively of 1 atom of phosphorus united to 1 and 2 atoms of 
oxygen. Hence they are composed as follows : 


Phosphorous acid of..... ..... 1°5 phosphorus + 1 oxygen 
Phosphoric acid of .......... 1°5 a 


Or, which is the same thing, 


Phosphorous acid of...... 100 phosphorus + 66°6 oxygen 
Phosphoric acid of ...... 100 + 133°3 
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The weight of a volume of phosphorus is 0°$328, supposing Chap. 11, 
it in the gaseous state. But as the compounds of phosphorus 
and oxygen are none of them gaseous, we cannot determine 
the condensation which takes place. But it is obvious that in 
the two acids, 1 volume of phosphorus is united with 4 vo- 
lume, and 1 volume, respectively of oxygen. Pcottanly the 
resulting compound in each case would be 1 volume, if it could 
be exhibited in the gaseous state. 

4, Oxygen unites ues with three proportions of sulphur, oxygen with 
forming three acids exactly analogous to the acids of phos-"?""" 
phorus ; namely, hyposulphurous acid, sulphurous acid, and 
sulphuric acid. The first of these has never been obtained in 
a separate state; but the other two are well known, and there 
is reason for believing that both, when pure, are gaseous bo- 
dies. We have already concluded, from the phenomena that 
an atom of sulphur weighs 2, and that the three acids of sul- 
phur are perenne of 1 atom of sulphur combined respec- 
tively with 1, 2, and 3, atoms of oxygen. Hence they are 
composed as follows : 


Hyposulphurous acid of ...... .... 2 sulphur + 1 oxygen 
Sulphurous acid of.......... se iaiat a) 1, 2 
MUG eCId Of 0 65%. 0's hie a coe + 3 


Or, which is the same thing, 


Hyposulphurous acid of ...... 100 sulphur + 50 oxygen 
Sulphurous acid of....... BOE POO + 100 
Sulphuric acid of ...... wo. HL LOO + 150 


he weight of a volume of sulphur, when in the state of 
vapour, is 1111. Sulphurous acid is composed of a volume 
of sulphur and a volume of oxygen condensed into 1 volume; 
sulphuric acid of 1 volume sulphur + 14 volume oxygen con- 
densed into 1 volume. WHence the specific gravity of sul- 
Phurous acid 1s ss... ek eee ee SPL sd hi 2999 
and the specific gravity of calpain acl 1-111+1:666=2-777 
Numbers which correspond with experiment. Hyposulphu- 
rous acid, from analogy, ought to be composed of 1 volume of 
sulphur and half a volume of oxygen condensed into 1 vo- 
lume. Hence its specific gravity, if it could be exhibited in 
the gaseous form, would EE 1°666. 

5. Oxygen has the property of uniting in various Hoses with Oxygen with 

all the metals; but the compounds formed are always solids. ""*™ 
In these combinations, then, it is the solid body which retains . 
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the very great cohesive force by which all the metallic particles 
are united; a force weakened no doubt by the combination of 
oxygen, but not overcome. Some of the metallic oxides pos- 
sess the properties of acids; others of alkalies, while some are 
‘intermediate between the two. But I can add nothing to the 
account of these bodies already given in a preceding part of this 
work. I refer to the tables in vol. i. p. 541, of this work. 
6. Weare still but imperfectly acquainted with the combi- 
nations which chlorine forms with the different solid bodies. 
With phosphorus it forms two componnds, one liquid, the other 
solid; with sulphur it forms a liquid compound. It unites with 
all the metals, and forms solid compounds, the greater num-~ 
ber of which have been but imperfectly examined. With car- 
bon it does not appear to be capable o uniting. Its action on 
boron has not been tried. 


Hydrogen 7. Though there exists a considerable affinity between hy- 
with simple 
bondi’ drogen and akbar phosphorus and sulphur, they do not unite 


muse brought into contact, unless either the cohesion of the 
solid Hadid be removed, or the elastic fluid be exhibited in a 
nascent state. This shows us that it is the force of cohesion 
of the solids, and the elasticity of the gas, which prevents the 
combination. Heat does not destroy the cohesion of carbon ; 
therefore it cannot be united to hydrogen by heat: but Gen- 
gembre found that when sulphur and phosphorus were kept 
melted in hydrogen gas, a combination took place. It is chiefly, 
however, by the decomposition of water that these combina- 
tions are accomplished. 

All the known combinations of hydrogen with a simple com- 
bustible are gases except one, namely, supersulphuretted hy- — 
drogen, which is liquid, but readily converted into vapour. 
This is the consequence of the great elasticity of hydrogen gas. 
None of the other elastic Finis are to be compared with it in 
this respect. The atoms of which it is composed must be 
smaller, and their distances from each other greater than in 
any other gas. Hence it will oppose a greater resistance to 
those affinities which would condense it into a solid or liquid 
state, and will always be disposed to resume again its elasticity. 

Hydrogen combines with two proportions of carbon, sul- 
phur, and phosphorus. All these compounds are perfectly 
analogous. They consist of 1 or 2 atoms of hydrogen com- 
bined with 1 atom of carbon, phosphorus, and sulphur. The 

weight of an atom of hydrogen ts 0°125, and an atom of car- 
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bon weighs 0°75; an atom of phosphorus 1°5, and an atom of Chap. 1. 
sulphur 2. Hence the compounds of these substances are as 
follows: } 


RPICMOTC SAT en a ase pkn ns © hydrogen 1 atom = 0°125 + carbon I atom = 0°15 
Carburetted hydrogen ............ 2 = 0250 + Uy 8 OS 
Hydroguret of phosphorus ........ 1 = 0°125 + phosph. 1 221°5 
Bihydroguret of phosphorus........ 2 = 0°25 + 1 =1:5 
Sulphuretted hydrogen ............ 1 ~ = 0125 + sulphur 1 = 2 


Olefiant gas is composed of 2 volumes carbon and 2 volumes 
hydrogen condensed into 1 volume. Carburetted hydrogen is 
composed of 1 volume carbon and 2 volumes hydrogen con- 
densed into 1 volume. The hydroguret of phosphorus is com- 
posed of 1 volume phosphorus and 1 volume hydrogen con- 
densed into 1 volume; bihydroguret of phosphorus of 1 vo- 
lume phosphorus and 2 volumes hydrogen condensed into 1 
volume. And, finally, sulphuretted hydrogen is a compound 
of 1 volume sulphur and 1 volume hydrogen condensed into 
1 volume. With these determinations, the specific gravities, 
as ascertained by experiment, agree with precision. 

We found reason to conclude, from the phenomena for- 
merly stated, that alcohol is a compound of olefiant gas and 
water, in the proportion of 1 volume olefiant gas and 1 vo- 
lume of vapour of water. While ethers are composed of 2 
volumes of olefiant gas combined with 1 volume of vapour, or 
chlorine, or an acid, according to the particular ether formed. 

It is during the decomposition of water by the compound Formation 


agency of an acid and a metal united to sulphur, that sulphur- aia ees 
etted hydrogen is usually formed. In this case every thing 8) 4 


concurs to facilitate the combination. The hydrogen is nas- - 
‘cent,-and the sulphur, just separated from the metal, is not 
restrained from uniting with the hydrogen by the cohesion of 
its particles; but in some rare instances the sulphur appears 
to have the property of decomposing water, and forming at 
the same time sulphuretted hydrogen and sulphuric aeid. 

Carburetted hydrogen is disengaged spontaneously from 
stagnant water, and is Savricusly produced by the putrefaction 
of EsBLAbIE matter. Mr. Dalton has very ingeniously ex- 
plained its formation. When the carbon is disengaged, two 
_ particles of it decompose at once two atoms of water precisely 
as in the former examples; one unites with all the hydrogen, 
and the other with all the oxygen; so that both carbonic acid 
and carburetted hydrogen are formed together. Let the sym- 
bols for oxygen, hydrogen, and carbon, ie as follows: 
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(ey treniiias tis ee OO i lara 
Hydrogen ..s-+++.68. © 
Garbor (5.3.28 aeisiy Sa 


In that case water and carburetted hydrogen will be repre- 

sented thus: 
Water O-© 
Carburetted hydrogen ©-@-© 

And 2 atoms of carbon decomposing 2 atoms of water and 
converting them into carburetted hydrogen and carbonic acid 
may be represented thus: 

@ 
© © ....+. ©-@-@ Carburetted hydrogen 
QO O «e+-++ O-@-O Carbonic acid 

@ 

The composition of the greater number of animal and ve- 
getable bodies is too complicated for us to form a correct idea 
of the way in which their atoms are united. 

8. We are acquainted with only one gaseous compound of 
azote with a solid. It combines with carbon and forms cya- . 
nogen, which, from the experiments of Gay-Lussac, appears to 
be a compound of 2 atoms of carbon and 1 atom of azote. It 
consists of 1 volume azote and 2 volumes of carbon condensed 
into 1 volume. 

II. Though the compound gases be more numerous than 
the simple, we are acquainted with fewer combinations into 
which they enter with solids; at least if we except the salts 
which the acid gases form with the alkalies, earths, and metal- 
lic oxides, and which ammonia forms with the solid acids. 

In most cases, when solids act upon compound gases, the 
result is a decomposition, and the elements of the gas combine 
in a different manner. ‘Thus, nitrous oxide, nitric acid, and 
chloric acid, are decomposed by carbon, phosphorus, and sul- 
phur, and by many of the metals. Nitrous gas is decomposed 
by carbon and phosphorus when assisted by a sufficient heat. 
Sulphurous acid is decomposed by some of the metals, and pro- 
bably by carbon. Carbonic acid is decomposed in certain cir- 
cumstances by phosphorus. 

But very frequently solids have no action whatever upon 
compound gases ; as is the case with most of the gaseous com- 
pounds of carbon, and several others. I recollect at present 
only four instances of the direct combination of a compound 
gas with a solid base; these are the following: 
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It has been shown by the experiments of Cruikshanks, and Chap. nu. 
by those of Clement and Desormes, that when carbonic acid canw%e 
is passed through red hot charcoal, it is converted into carbo- ai 
nic oxide. But carbonic acid being a compound of 2 atoms 
of oxygen with 1 atom of carbon, and carbonic oxide of 1 of 
oxygen with 1 of carbon, it is obvious, that in this case an 
atom of carbon must have combined with every atom of car- 
bonic acid. The experiment is of difficult explanation. The 
acid is a product of combustion, while the oxide is a combus- 
tible. This would lead us to suppose that the superinduced 
carbon alone is susceptible of combustion, were not the dimi- 
nished specific gravity inexplicable upon any other supposition 
than the union of a new dose of heat. 

The second example is nearly similar. It was ascertained Ammonia 
by Scheele, and afterwards by the experiments of Clouet and ah 
other French chemists, that when ammoniacal gas is passed 
through red hot charcoal, prussic acid is formed. But prussic 
or hydrocyanic acid is a compound of 2 atoms carbon, 1 atom 
azote, and } atom hydrogen; while ammonia is a compound 
of 1 atom azote and 3 atoms hydrogen. We must suppose 
therefore that 3 atoms of carbon act upon each atom of am- 
monia. One of these atoms unite with 2 of the atoms of hy- 
drogen in the ammonia and constitute carburetted hydrogen, 
and the other 2 atoms of carbon uniting to the remaining atom 
of azote and atom of hydrogen in the ammouia constitute an 
atom of hydrocyanic acid. 

The third example consists in the combination of sulphur- 

_etted hydrogen and sulphur, and the formation of supersul- 
phuretted hydrogen, when both are disengaged together from 
an alkali. 

‘Sulphuretted hydrogen gas has the property of dissolving 
phosphorus. ‘This constitutes the fourth example. 


WiiAP. dak. 
OF LIQUIDS. 


Ir has been sufficiently ascertained that the state of most 
bedies depends upon temperature; that solids may be con- 
~-yerted into liquids by heating them, and liquids into solids by 
cooling them. This state ne solidity or liquidity has a con- 
_ siderable effect upon the combination of bodies with each other. 
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Book 1. At the medium temperature of the atmosphere some bodies 
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are always solid; others always liquid. As it is usually in that 
temperature that they are employed, they have received from > 
it their characteristic name; those bodies only being called li- 
quids which are liquid under the medium temperature of the 
air. We shall, in this chapter, after a few introductory re- 
marks on the constitution of liquids, consider how far the state 
of liquidity affects the union of these bodies with each other, 
and with solids. The subject thus divides -itself into three 
heads. 

1. The constitution of liquids. 

2. The combination of liquids with each dine 

3. ‘The combination of liquids with solids. 

These are treated of in the three following sections. 


SECT. I. 
OF THE CONSTITUTION OF LIQUIDS. 


Newron has defined a fluid to be a body whose parts yield 
to any force impressed upon them, however small, and which 
thus move easily among each other.* Objections have been 
made to this definition, but no better has been substituted in 
its place. Fluids have been divided into two classes; namely, 

- Those which are elastic, or diminish in bulk according to 
the pressure, but recover it again when the pressure is re- 
moved; and, 2. The non-elastic, or those which do not sen- 
sibly diminish in bulk when pressed upon. The first class are 
called airs or gases ; the second, liquids. 

1. A liquid, then, is a fluid not sensibly elastic, the parts of 
which yield to the smallest impression, and move upon each 
other ; but we are not acquainted with any perfect liquid. The 
particles of all of them oppose a sensible resistance to an im- 
pressing force, or have a certain degree of viscidity. 

Very little progress has been made in ascertaining the formal 
cause of fluidity.. Some have supposed that the atoms of li- 
quids consist of very minute spheres finely polished. But this 
hypothesis alone would not explain the mechanical properties 
of liquids. Others have concluded that the difference between 
solids and liquids depends upon the particles of the latter being 


* Fluidum est corpus omnes cujus partes cedunt vi cuicunque illate, et 
cedendo facile moventur inter se. Principia, Lib. ii. Sect. 5. 
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rae 


constantly in motion, while those of the former are at rest. Chap. UII. 


But this hypothesis is equally inconsistent with the phenomena. 
_ It is very evident, from the facility with which the particles 
of liquids move among each other, that they must meet with 
little or no resistance from their own particles; while the pro- 
perty which they all have of collecting into drops, shows that 
they all act upon and attract each other. Hence it follows, 
that the particles of liquids must have such a figure that they 
may move freely among each cther-without altering their mu- 
tual action, or, which is the same thing, their relative distances 
from each other. Mathematicians have demonstrated that this 
property belongs to spheres. Hence it has been concluded, 
that the particles of liquids are spherical; and that viscidity 
is owing to the want of perfect sphericity. 


2. ‘The most important mechanical properties of liquids de- - 


pend upon this mobility of their particles, in consequence of 
which they propagate pressure in all directions. But the con- 
sideration of these properties belongs to the sciences of hy- 
drostatics and hydraulics. 


3. The particles of liquids cohere together, as well as those riquias 


of solids, and there is a considerable difference between this 
force in different liquids. ‘Thus the cohesion of mercury is 
much greater than that of water. The reason why this cohe- 
sion does not prevent the particles of liquids from separating 
like those of solids, is the mobility of those particles without 
changing their relative distances. Hence they obey the ac- 
tion of gravitation, sliding upon each other, so that the num- 
ber of particles which support the cohesion is continually dimi- 
nishing till it becomes too weak to resist the opposing force. 
As the cohesion of liquids does not prevent the motion of the 
particles of which they are composed, it offers no resistance to 
their combination with other bodies; excepting in as far as that 
combination may tend to alter the relative distances of the 
particles of the liquid, or the form of these particles. 


4. Though liquids are not sensibly compressed by the AP- Compres- 


plication of an external force, or by their own weight, like * 


gases, it has been ascertained that they experience a certain 
diminution of bulk, which may be’made sensible by a proper 
apparatus. Mr. Canton found, in a set of experiments which 
he made on the subject, that when liquids were freed from the 
pressure of the atmosphere, they underwent a certain expan- 
sion, and were proportionally compressed when the pres- 
sure of.the atmosphere was doubled. The following table 
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Book It. exhibits the increase of bulk experienced by the several li- 


List of li- 
quids. 


quids tried by that philosopher when the pressure of the at- 
mosphere is removed by placing them in the vacuum of an 
air-pump, or the diminution of bulk when subjected to the 
pressure of a double atmosphere.* 


Mercury) sist, wie s «+e 0°000003 
Sea water .eicnys- ~- 0°000040 | 
Rain water ..... »+s- 0°000046 
Oi COUT VOB eiy sh. ceo! ews 0°000048 
Spirit of wine ...... - 0°000066 


It must be owned, that these experiments are liable to some 
objections; but, all things considered, it would be difficult to 
explain them without supposing the compressibility of liquids, 
especially as Zimmerman repeated some of the experiments in 
a different way, and obtained a similar result. : 

5. The liquids taken individually are numerous; but. as 
many of them constitute classes of bodies possessed of similar 
properties, they may be taken collectively, and in that point 
of view the number is not great. The following table ex- 
hibits a list of almost the whole of them, arranged according 
to their composition. 


I. SIMPLE. 
1, Mercury. 
Il. COMPOUND. 


a. Simple gases combined. 


2. Water. 3. Nitric acid. 
b. Gases with a solid base. 
* Sulphuric acid. 9, Petroleum. 
5. Alcohol. 10. Supersulphuret of hydrogen. 
6. Ethers. 11. Bichloride of tin. 
7, Volatile oils. 12. Subbichloride of sulphur. 


8. Fixed oils. 
c. Solids combined. 
13. Phosphuret of sulphur. 14. Sulphuret of carbon. 
6. If we were to exclude mercury from the preceding list, 


then all the known liquids would be compounds. ‘The differ- 


* Phil. Trans. vols. lii. and liv. Not having these volumes at hand, I 
have quoted the table from Cavallo’s Natural Philosophy, ii. 23. 
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ences among their specific gravities, also, would be very small 
when compared with that which exists among gases and solids. 
The following table exhibits a view of their specific gravities 
respectively, at the temperature of 60°, that of water being 
supposed 1-000: 


Liquids. | Specific gravity, 
RC yo legen o.° SAPARD Mey EG G84) 
Eee ees ala Giada «soe 6 ces 4s ---- 0°632 to 0900 
4 IC aaa hoe § LO LOU We ae Te 
PORALUE OFS noice =< oss eats Sep Oh 0°792 .. 1°094 
BO le dieters e: sock ale <igeeic ns wan TOA” gc apenas 
MT OGHS | cin 45.4 oh Hah eon 0°913 .. 0°968 
_ Supersulphuretted hydrogen ...... —_ .-—— 
Sulphuret of carbon ..... sey pyre e792 
EIGN ice wae eusie 2 A AOA SR RRR AS ee 1°583 
PHMOBUIIC SCLC 6%). wae a 0, « pepe: 1°898 
Phosphuret of sulphur ........... —— 
Bichloride of tin..... D. Saar if 
‘Subbichloride of sulphur ......... 1°6789 
Mercury 22... SC ae: Mea Pattie 13°568 


7. This difference in the specific gravity of liquids must be 
either owing to a difference in the density of the atoms of 
which they are composed, or to a difference in the distance of 
the atoms which constitute each liquid from one another. 
Probably both causes contribute; but the last in the most 
powerful manner. 

8. It has been demonstrated, that the particles of liquids 
owe their liquid form to their combination with heat; that 
they are all compounds of heat with a solid base. They differ 
essentially from those of gases in wanting that elasticity which 
is produced by the mutual repulsion existing between the 
particles of gases. The particles of liquids, instead of repell- 
ing, cohere together, and- oppose a certain force to their 
farther separation. This cohesive force bears a relation to the 
density of liquids, and to the difficulty of converting them into 
steam or vapour; and indeed seems to depend upon these two 

_ things. We may conceive with Boscovich, that the atoms of 

liquids are placed in the limit between attraction and repul- 

sion. ‘Their atoms cannot be forced nearer each other with- 

out experiencing a repulsion from the increased action of the 

combined heat; they cannot be separated farther without ex- 

periencing an attraction from the diminished action of the 
6 


fi, 


Chap. Tif. 
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Their speci- 
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Book 11. combined heat, compared with that of the attracting particles. 
“~~ The distances of the atoms are so regulated, that the attrac- 


Liquids 
which may 
be mixed in 
any propor- 
tion. 


tion and repulsion by which they are at once actuated just — 
balance one another; while their form is such, that they can 
move freely among each other without altering these distances. 
It is this which seems to constitute the real cause of fluidity. 

The greater number of liquids contain water as an ingre- 
dient: it gives liquidity to a vast number of solid bodies, but 
it has not been contended that the presence of water is essen- 
tial to liquidity, as it has been respecting the gaseous state of 
bodies. | 


SECT. II. 
ON THE ACTION OF LIQUIDS ON EACH OTHER. 


WueEn liquid bodies are mixed together, they act in various — 
ways according to the nature of the substances employed. 
1. Some dissolve each other in any proportion, as happens when 
most of the gases are mixed; 2. Some unite in certain deter- 
minate proportions; 3. Some do not act sensibly upon each 
other at all, separating again, though mixed ever so carefully; 
4. While some decompose each other. We shall, in this 


section, take a view of these different modes of action. 


1. The following table exhibits a list of the liquids which 
may be mixed together in any proportion, and which, when 
once mixed, do not afterwards separate spontaneously. 


Water with alcohol 
nitric acid 
sulphuric acid 
Alcohol with ether 
Sulphuric acid with nitric acid 
Fixed oils with petroleum 4 
volatile oils 
fixed oils 
Volatile oils with petroleum 
volatile oils 


2. When the liquids contained in the preceding list are 
brought into contact, they gradually and slowly penetrate each 
other, and each, at length distributes itself equally through 
the mixture; so that if any portion whatever of the compound 
be taken, it will contain equal proportions of both ingredients. 

5 
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The difference of specific gravity does not prevent this uniform 
mixture, though it has considerable influence upon the time 
which elapses before it is completed. If the densest liquid be 
uppermost, the mixture is very rapid; but if it be undermost, 
the combination is exceedingly slow: weeks or even months 
elapsing in many cases before it is completed. Agitation pro- 
duces a sensibly equal mixture in a few minutes; though there 
Is reason to believe that it is not so intimate at first as it be- 
comes afterwards. The partial opacity or muddiness which 
takes place when water and alcohol, water and sulphuric acid, 
are first mixed, is a proof of this. It is even said by some that 
the density of a mixture of sulphuric acid and water increased 
somewhat by keeping it for some days. But when the two 
liquids are well agitated, I have not heen able to perceive any 
such increase, though my balance was sufficiently delicate to 


_have detected an increase not exceeding ,.,',->,th part. 


\ 


3. When the two liquids have been once thoroughly mixed 
either by agitation or long contact, they present all the ap- 


_pearances of a homogeneous compound, and do not afterwards 


separate from each other. ‘To this general law, however, 
there are some exceptions; though I presume only apparent 
ones. When common spiriis are kept in tall vessels, it is well 
known that the portion at the top of the vessel is often speci- 
fically lighter than that at the bottom. If a glass bubble, 
nearly of the specific gravity of such spirits be thrown into 
the vessel, it always rests at a particular part. Hence the por- 
tion of liquid above is lighter, while that below is heavier than 
the bubble. It has not been correctly ascertained that this 
difference in specific gravity takes place in spirits that have 
been thoroughly agitated. I have not observed such a sepa- 
ration when the alcohol is strong. If it always takes place in 
weak alcohol, it indicates a disposition in that liquid to unite 
with water only in certain proportions. Sulphuric acid is said 
to have exhibited the same separation. I presume it must 
have been the sulphuric acid of commerce, in which some 
saline bodies are always dissolved, or rather suspended, and 
these collect often in sensible quantities in the bottom of a tall 
vessel filled with that acid. | 

4. The union of liquids with each other is accompanied by 
the evolution of heat, and by a certain degree of condensation; 
for the specific gravity is always greater than the mean. The 
heat evolved is very considerable when water is mixed with 
sulphuric or nitric acid, and likewise when sulphuric and ni- 
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tric acids are mixed together. . It is very sensible when alco- 
hol and water are mixed; but in the other cases it has not 
been observed. The condensation seems to keep pace with 
the evolution of the heat, though from the experiments hitherto 
made, the two do not seem to be proportional to each other. 
Both vary with the proportions of the liquids mixed; but the 
condensation seems always greatest when the liquids are mixed 
in equal quantities, whereas this is not always the case with 
the heat evolved. Thus the mixture of sulphuric acid and 
water becomes hottest when one part of the water is poured 
into four parts of acid. 

The following table exhibits the increase of density which 
takes place when sulphuric acid of the specific gravity 2°00 is 
mixed with various proportions of water by weight, calculated 
by Mr. Kirwan from his own experiments : 


Increase of 
density. 


Bile tiles QSNRGs LROD D252 
10: ios ei OO tea, aasO629 


Sulph., acid. Water. 


1 Beanies Bayt... ai 0:0679 
20 :s:duute's BOvek. ; 24000856 
OB et wah oj Biche avis 0:0999 
BDisoys an , De Omad seh. 2 0°1119 
$5. nde aes, 16). 0°1213 
AQ; 2 . 60 ...... 011279 - 
AB sine wal Shia dup. 0°1319 
BO kerk still BOs id chalet 071333 


From this table we see, that when equal parts of sulphuric 
acid and water are mixed, the density is increased by 13 per — 
cent. Mr. Kirwan likewise ascertained, that when equal parts 
of water and nitric acid of the specific gravity 1°5543 are 
mixed together, the increase of density is equal to 4th of the 
whole weight. From the experiments of Lowitz, we learn 
that the specific gravity of a mixture of equal weights of water 
and pure alcohol is 917. It ought to be only °886, being an 
increase of density of more than ~,th of the whole. The in- 
crease of density is probably still greater when alcohol and - 
ether are united together; but no exact set of experiments 
has been made, either to ascertain the condensation in this 
case, or when the oils are mixed with each other and with 


- the petroleum, or when nitric and sulphuric acids are mixed 


together. 
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5. Thus it appears that the union of these liquids with each chap. mt. - 
other presents every thing which characterizes a chemical acon 
combination. The density increases, heat is evolved, the solve each 
mixture becomes perfectly uniform in every part, the liquids ve 
do not separate spontaneously, and the separation can only be 
accomplished by means purely chemical. We must therefore 
consider it as a case of chemical affinity. As the change of 
the properties is much less remarkable when liquids unite 
with each other than in many other compounds, as the com- 
bination takes place but slowly, and as the constituents may in 
general be separated again by a distilling heat, it is obvious 
that the affinity which unites them is much feebler than in 
many other combinations. Hence Berthollet has given it the 
name of dissolution; a term under which he has classed a va- 
riety of feeble combinations. | 

II. The following table exhibits a list of the liquids that riquias 


1 4 . + ; re * which dise 
unite with each other only in certain proportions: lens Tei 


Water with ether quantities 
volatile oils | minesree 
sulphuret of carbon 

Alcohol with volatile oils 
petroleum 
supersulphuretted hydrogen? 
phosphuret of sulphur? 

Ether with volatile oils 
petroleum 

Volatile oils with petroleum 

1, The experiments hitherto made upon the solutions of 
liquids by water, alcohol, ether, and volatile oils, are not suffi- 
ciently numerous nor precise to enable us to state the exact 
proportions taken up. We know, however, that they are 
limited, and that every substance has a degree of solubility 
peculiar to itself. 

Water, from the experiments of Lauraguais, dissolves qth 
of its bulk of sulphuric ether. There is reason to believe that 
the proportion is not so great. The ether tried must have’ 
contained alcohol; as chemists, at the time Lauraguais’ expe- 
riments were made, were not in possession of a method of se- 
parating the two liquids. Now, whenever ether containing 
alcohol is mixed with water, a very considerable proportion of 
the alcohol is taken up without injuring the solubility of the 
ether. | 8 

Volatile oils are soluble in very minute quantities only by 

G 2 


84 


Book IIS. 


Liquids not 
acting sen- 
sibly on 
each other. 


LIQUIDS. 


water. They communicate their odour to that liquid, but 
scarcely any other of their properties. 

2. Alcohol dissolves a considerable proportion of the vola- 
tile oils; but the quantity of each is limited and peculiar. 
The quantity of petroleum which it dissolves is small. Ido 
not know the effect of this liquid upon the two other sub- 
stances contained in the table; they have been placed here 
merely from analogy. : 

The action of ether on volatile oils and petroleum is con- 
siderable. 

3. The affinity of this second set of liquids for each other 
seems to be weaker than that which exists between the liquids 
which unite in all proportions, for the latter generally decom- 
pose the former. Thus, if alcohol, holding a volatile oil in 
solution, be poured into water, the greatest part of the oil 
separates, while the alcohol unites with the water. 

It seems to be the weakness of the affinity, together with 
the difference between the cohesion of the particles of the 
two liquids, which limits the combination to certain propor- 
tions. 

III. The liquids which do not sensibly combine in any 
proportion are not numerous. The following list comprehends 
the most remarkable of them: 

Water with petroleum 
fixed oils 
supersulphuretted hydrogen 
Fixed oils with alcohol 
ether 
Mercury with water 
alcohol 
ether 
volatile oils 
petroleum 

The action of liquids upon each other has been explained 
by Berthollet in a very satisfactory manner. When the affi- 
nity of two liquids is not sufficient to counterbalance the co- 
hesion between the particles, or the difference in the specific 
gravity of each, then they cannot combine. In these cases, 
however, they sometimes exhibit a degree of affinity, though 
not sufficiently strong to produce combination. Thus oil 
spreads itself upon the surface of water, and adheres to it as 
water does to a solid.* 

* Statique Chimique, i, 41. 
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iV. When a liquid has a marked affinity for one or more Ohap. IIL. 
_of the constituents of a liquid in a separate state, but not for riguide ac- 
the liquid itself, it often happens, if the density of the liquid aresperiee 
be not very great, that it decomposes it, and forms new com- 
pounds with its constituents. The following table contains a 
list of the principal liquids which decompose each other. 
Water by phosphuret of sulphur. 
Nitric acid by all the liquids, except water and sulphuric 
acid. — 
Sulphuric acid by all the liqnids, except water and ni- 
tric acid. 

Phosphuret of sulphur gradually decomposes water; sul- 
phuretted and phosphuretted hydrogen exhale, and no doubt 
sulphuric and phosphoric acids are formed. The decomposi- 
tion is greatly facilitated by a high temperature. This curi- 
ous decomposition seems to be the effect of the action of a 
particle of the phosphuret upon two atoms of water at once. 

The decompositions produced by nitric and sulphuric acids 
are very curious ; but they are all too complicated to admit of 
_a satisfactory explanation in the present state of the science. 

V. When solid bodies are brought into a liquid state, Action of 
either by heat or any other means, their action upon each pat ne 
other is similar to that of common liquids. It is modified by 
the degree of affinity: some such liquids uniting in all pro- 
portions, as most of the metals, the solid oils, resins, &c.; 
some only in certain proportions, -as tin and iron, lead and 
iron, and different salts; some refusing to combine, as zinc 
_and cobalt, bismuth and cobalt; and some decomposing each 
other, as nitre and sulphur, nitre and phosphorus. 3 

The proportion of the ingredients which enter into combi- 
nation is in these cases affected not only by the affinity, but 
by the tendency of the new compound, or any of its parts, to 
assume the solid state. 


SECT. III. 
OF THE COMBINATION OF LIQUIDS WITH SOLIDS. 


Iw treating of the combination of liquids with solids, we 
may exclude three, on account of their circumscribed action, 
and the want of correct experiments respecting them. These 
are supersulphuretied hydrogen, phosphuret of sulphur, and bt- 
chlorule of tin. Upon these liquids I have no remarks to offer. 
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There are two others which act with great energy upon many 
solids ; but as their mode of action is precisely similar to a 
class of bodies which will come under our consideration in the 
next Chapter, we shall defer the examination of them till we 
come to treat particularly of the action of the acids. These 
two are sulphuric and nitric acids. Seven liquids only remain, 
namely, 


Water Petroleum Mercury 
Alcohol Volatile oils 
Ether | Fixed oils 


Of these seven, the action of the first is by far the most gene- 
ral, and has been most closely examined. We shall consider 
the action of this liquid in the first place: A few observations’ 
will suffice for the rest. 

I. Water has an affinity for a very great number of bodies, 
and its presence in general greatly facilitates the action of 
substances on one another. Hence it is almost always indis- 
pensable when artificial combinations or decompositions are 
to be produced. 

1. Water, as has been already observed in a former part of 
this Work, has the property of entering into two different 
kinds of combinations with solid bodies. In the one species 
the compound continues solid, in the other it becomes liquid. 
In the first species the proportion of the solid ingredient is 
greater than that of the liquid. Hence the cohesion of its 
particles is not destroyed. In the second, the proportion of 
the liquid exceeds the proportion of the solid: Hence it gives 
its peculiar state to the compound. 

To the first species of combination Proust has given the 
name of hydrate. A hydrate is a compound of a solid body 
and water, still retaining the solid state. The following solid 
bodies are capable of entering into this combination with 
water. 

1, Sulphur. The hydrate is a very pale sulphur yellow 

* powder, usually called lac sulphuris. Native sulphur is 
often in this state. 

2. Metallic oxides. The hydrates of these bodies are pow- 
ders remarkable for the intensity of their colours. They 
have usually a strong taste, and are easily acted upon by 
acid or alkaline solutions, 

38. The earths. These hydrates are powders, and in some — 
cases crystals, ‘ 
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4. The fixed alkalies: The hydrates of these bodies are what chap. mm. 
are usually termed the crystals of alkalies. Sone 
5. All the acids which may be exhibited in a solid state ; 
which is the case with the whole of that class of bodies 
except 13. The hydrates of these bodies are what are 
usually called the crystallized acids. | 
6. All the class of salts. Those excepted which contain no 
water of crystallization. The hydrates of the salts are 
the saline crystals, in those salts capable of assuming that 
form; and powders or solid masses, in those which are 
not. 
7. All the hydrosulphurets capable of assuming a solid form. 
The hydrates of these bodies are the crystallized hydro- 
sulphurets. 
8. Many earthy combinations. Water exists as a constitu- 
ent in many combinations of earths found native. But 
the examination of these bodies has not hitherto been con- 
ducted in such a manner as to warrant us to venture upon 
a list of such native hydrates. 
9. Soaps. All soaps contain water as a constituent. It is 
not, then, quite correct to say that soap combines with 
water and forms a hydrate. ‘The soap is itself a hydrate; 
but we have no name for soap free from water, if such a 
compound be possible. 
10. Tannin and many animal and vegetable solids. 
In the first eight classes of hydrates contained in the pre- 
ceding list, the quantity of water seems to be determinate, or 
nearly so; but this does not appear to be the case in the two — 
last classes. : 
The second species of combination into which water enters ¢, gotation. 
with solid bodies has been usually termed the solution of these 
bodies in that liquid. ‘The bodies which it dissolves are not 
so numerous as those with which it forms hydrates. They are 
those which are contained in the preceding list, excepting sul- 
phur, most of the metallic oxides, most of the earths, many 
salts, and almost all the earthy combinations. In these com- 
binations there is a minimum of water necessary to dissolve 
the solid; but beyond this proportion the quantity of liquid 
may be increased at pleasure. 
2g. The action of water upon solid bodies has been ex- Exptanation 
plained in a very luminous manner by Berthollet* This of yater on. 


of water on 
solids. 


* Statique Chimique, i. 35. 
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it is capable of combining. But affinity is mutual. We may 
say with as much propriety, that the solid acts upon the li- 
quid, as that the liquid acts upon the solid. Both act upon 
each other reciprocally, and at the same time; but the force 
exerted by each will be proportional to its mass. Now there 
is this peculiarity in the action of liquids upon solids, that they 
can only act at the point of contact, or at least near it. -Hence, 
as far as the mass is concerned, it is quite the same thing whe- 
ther a solid be acted upon by a large quantity of liquid or a 
small quantity; since the points of contact, and of course the 
sphere of the liquid’s activity, must in both cases be the same. 

When a solid body, then, is plunged into a liquid for which 
it has an affinity, whatever the quantity of liquid may be, the 
action is always limited to a very small portion. Hence the 
liquid is not capable at first of destroying the cohesion of the 
solid; which imbibes it, and combines with it, while new por- 
tions of liquid come into contact, and begin to exert their ac- 
tion. If the affinity between the solid and liquid be weak, the 
combination proceeds only till the force of affinity is so far 
weakened by the quantity of water united, that it is no longer 
able to overcome the cohesion of the particles of the solid, 


and then it necessarily stops. The compound continues solid. 


With such solids water is capable only of forming a hydrate ; 
it does not dissolve them. 

If the affinity be strong, new doses of water continue to 
combine with the atoms of the solid, and thus these atoms are 
separated farther and farther from each other; but as this dist- 
ance increases, the force of cohesion continually diminishes, 
while the liquid, by its increased mass, is enabled to act with 
greater and greater energy. Hence the cohesion of the solid 
is gradually destroyed ; the particles of it are separated to too 
great a distance, and are dispersed equally through the liquid. 
This is what is termed solution. 

If we continue to add more of the solid after a portion has 
been dissolved in this manner by the liquid, it will be dis- 
solved in the same way. But by this new portion the particles 
of the dissolved solid are brought nearer each other in the li- 
quid; their mass is increased in proportion to that of the li- 
quid. Hence they exert a greater force upon it, and of course 
the liquid is enabled to exert only a smaller force upon new 
portions of the solid. If we continue to add new portions of 
the solid, a time will come when the action of the liquid will 
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_ be so much weakened, that it will no longer be able to over- Chap. 10. 
come the cohesion of the solid; it will then refuse to dissolve 
any more of it. When a liquid has come to this state, it is 
said to be saturated with the solid. Were we to suppose the 
solution.to go on, the particles of the solid in solution would 
be brought so near one another, that their force of cohesion 
would overbalance the affinity of the liquid for them; they 
would, in part, cohere and form again a new portion of the 
solid. The saturation of a fluid, then, does not mean that its 
affinity for the solid is satisfied, but that it is not greater than 
the tendency of the combined particles to cohere. Now, when 
a liquid is saturated with a solid, if by any means we can ab- 
stract part of that liquid, the cohesive force of the particles of 
the solid must gain the superiority ; and the consequence will 
be, that they will unite and form solid bodies anew, till their 
number be so much diminished that their mutual attraction is 
again counterbalanced by the affinity of the liquid. Hence 
the reason that evaporation occasions the crystallization of 
those bodies which are held in solution by liquids. | 

If the affinity between water and the solid be not sufficiently 
great to enable it to overcome any part of the cohesion of the 
particles of the solid, in that case none of it combines with that 

_ body; it only moistens its surface. If the affinity is even 

_ weaker than the cohesion between the particles of the liquid, 
in that case the surface of the solid is not even wetted.—Such 

is a sketch of Mr. Berthollet’s explanation of the mutual ac- 

tion of water and solids upon each other. 

3. The combination of water with solid bodies is accompa- combina- 
nied by the usual phenomena of chemical combinations. The f°" = 
density is considerably increased, while heat is usually evolved. 
The hydrates seem to be the most intimate combination ; in 
them the density is greatest, and the heat evolved during their 
formation is considerable. The solution .of the hydrates in 
water is often accompanied by an expansion rather than con- 
densation ; of course cold is produced, and the new compound 
is much less intimate than the old. 

Many experiments have been made to determine the den- 
sity of the solutions of solids in water; but as the distinction 
was not always observed between the pure solids and the hy- 
 drates, the results are not so satisfactory as they otherwise | 
Would have been. The most valuable experiments by far on 
| this subject, which I have had an opportunity of seeing, are 
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those by Dr. Watson,* and Mr. Hassenfratz.+ Dr. Watson 
first set the subject in a clear point of view, by explaining the _ 
real nature of the solution, and the changes of density which 
accompany it. His experiments show very clearly the differ- 
ence between the hydrates and the pure solids in the density 
produced by their solution in water. ‘Tio Hassenfratz we owe 
by far the most copious set of facts hitherto offered to the pub- 
lic. His experiments were made upon pure substances in a 
determinate state, so as to be susceptible of comparison. He 
generally employed hydrates; but he has pointed out very 
clearly the difference between hydrates and pure solids when 
dissolved in water. The following are the most important 
facts ascertained by these philosophers. 

4. When solid bodies unite with water and form a hydrate, 
the increase of density is sometimes very great ; in such cases 
there is a vast quantity of heat evolved. Mr. Hassentratz 
united water in different proportions to lime, and ascertained 
the specific gravity after each addition. The following table 
exhibits the result of these curious experiments on three dif- 
ferent specimens of lime varying in their specific gravity. The 
weight of lime used was always 10000 : 


Quantity 

Spec. Grav. Spec. Grav. ‘ 
Ki awe of the Com- by Calcula- DIES 
dhe Titus pound, tion, 


eg ak Oe Taste Soe sth ae 
TBS SOS.) OT B42. PS 
1620 +... VAST 790 Sor BOIS. ae eee 
BBBB vee O'V85Z> vie ipe 14449 ©. js. GBOT 


Pe Ouse eb eOgS ea ee ee 
G29" 2. 2214819 P4202 4 a ee 

Qd.£ 1562 .... 14737 2... 13941 2.6. + 796 
[2500 .... 14000 .... 1°3648 .... + 354. 
Ls5000 .... 0°8983 .:.. 193038 .... — 4055 


OS BT Die ee ne ae oe 
$12 PAB OG SHEP T3602 owe. BE Re 
937°... -1°@78 13897 cee e aeae 
STB id's OTOT LT wagalal S128 neuro 


Ist. 


3d. 


These experiments were made by weighing the compound, 
first separately, and then in a phial which was filled with mer- 


* Phil. Trans. 1770, and Chemical Essays, v. 43. 
+ Ann. de Chim. xxvii. 116; xxviii. 3, and 282; xxxi. 284. 
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cury. The weight of mercury displaced gave the bulk of the chap. ut. 
compound. ‘The first numbers in each series give the specific 
gravity of the lime employed. From these tables it appears 
that the first additions of water actually increased the specific 
eravity of the lime, ‘and of course the bulk must have dimi- 
nished by combination. The third column gives the specific 
gravity which would have resulted if the lime and water had 
combined without any change of density whatever. The last 
column gives us the excess of the real over the calculated spe- 
cific gravity, or its diminution. Thus it appears that the hy- 
drate of lime is specifically heavier than pure lime. ‘The den- 
sity diminishes as the proportion of water increases, till at last 
the compound now reduced to the state of a fine powder, and 
moist, becomes lighter than water.* 

Alum furnishes another good example of the intensity of pyarate of 
that species of combination to which the name of hydrate has 7 
been given. ‘The hydrate of alum is nothing else than the 
salt in the state of crystals. In that state its specific gravity, 

_as taken by Hassenfratz, is 17065; but when the salt is de- 
prived of its water by calcination, its specific gravity is reduced 
to 0°4229. Here the density is quadrupled by the combina- 
tion of water. The following table. exhibits the increase of 
density which takes place when this salt is combined with water 
up to the state of hydrate. The quantity of calcined alum 
used was always 1000. | 


/ Se ea la ee nami oat 
0 0°4229 
$22 0°5531 0°6094 er, HOS 
4.04: 1°1423 0°6558 + 4865 
412 1°7165 0°6606 + 1°0559 


Here the first additions of water produced expansion; but 
when the proportion is increased, the condensation becomes 
extremely great. 

The crystals, or hydrate of nitre, are of the specific gravity 
1°9639; but nitre deprived of its water, and in the state of a 
dry powder, has the specific gravity 1-7269.+ 


* This diminution of the lime below the density of water, notwithstanding 
Mr. Hassenfratz’s explanation of it, on the principle of pulverization dimi- 
nishing the specific gravity, appears not a little extraordinary. We know 

that such a powder of lime, if thrown into water, immediately sinks to the 
bottom of that liquid. 

+ Hassenfratz, Ann. de Chim. xxxi. 287. The fact is that the water in 
nitre is only mechanically mixed. 
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5. When solid bodies are dissolved in water, the bulk of the 
-— liquid is increased. ‘The density of the solution appears to be - 
always greater than the mean when the pure solids are em- 
played: but when it is the hydrates which are dissolved, the 
specific gravity is more frequently less than the mean. ‘This 
will appear very clearly from the following table, exhibiting 
the result of the experiments of Hassenfratz on the solution 
of various salts in water. They were all used in the state of 
hydrates, or crystallized, except a small number which could 
not be conveniently used in that state. The first column con- 
tains the names of the salts; the second their specific gravity ; 
the third, the specific gravity of water saturated with each of 
them at the temperature of 55°; the fourth, the weight of salt 
contained in 1000 parts, by weight of the saturated solution ; 
the fifth gives the density of the salts, supposing the specific 
gravity of the saturated solution exactly the mean. When the 
density of the salts thus found is Jess than the real, it indicates 
a condensation ; when greater, it indicates an expansion. 


Sp. gravity} Saltin |Sp. gravity 
Specific | of satu- |!000 parts|of the salts Differ« 
gravity. |rated solu- of the solu-|by calenla-} ences. 
tion. tion. tion. 


Salts. 


ao) TD 


Sulphate of soda 1°4457| 1060] 161 | 1°373| 72 
potash 2°4073| 1°055| 64 | 1°859| 548 
alumina 1°7109| 1°026| 55 1473 | 237 
magnesia |1°6603} 1:294| 533 1°551 )) £109 


iron 1°8399| 1°219| 335 1°654 185 
zinc 1°912 | 1°373| 555 16724. 240 
copper 2°1943| 1:189| 250 | 1°720| 474 
Muriate of soda 22001! 1°210} 301 1°697| 503 
potash 1°9357| 1°145| 305 1475! 461 
ammonia |1°5442| 1°070| 244 287 2a" 
lime 1°7603!| 1°351 | 538 1°652 108 


magnesia |1°601 | 1°272| 648 1°419| 182 
barytes 2°8257| 1°265| 283 | 1:937| 988 


zinc W577 \1°607)| 785 |} 1°773 14-196 
copper 1°719 | 1°271) 389 | 1°699 20 
Nitrate of soda 2°0964| 1°231 | 340 1°679| 417 
potash 1°9369| 1°157| 249 | 1°628| 308 
lime 1°6207| 1°143 | 338 1°423| 197 — 
barytes 2°9149| 1°047| 66 1°712| 202 | 
zinc 2°096 | 1°489| 572 | 1°855| 241 
copper 2°174 | 1°530| 566 | 1°937| 237 
eal of soda 2°109 | 19189} 517 | 1°365| 744 


lime 1005 | 1:098| 178 | 1°550/+545 
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‘Table continued. 
Chap. lif. : 4 


Sp. gravity} Saltin (Sp. gravity 
Specific | of satu- {1000 partsjof the salts} Differ- 
gravity. |rated solu-lof the solu-|by calcula-| ‘ences. 
tion. tion, tion, 


Salts. 


1°378 | 1:252)| 500 1°504 |+ 126 


Acetate of magnesia 


alumina 1:°245 | 1°107| 106 1:009 | + 764 
iron 1°368 1°134} 322 1°416 | + 548 
lead 2°345 | 19198] 244 1‘811 134 
Tartrate of soda 1°743 | 1:196| 333 1°588| 155 
potash 1°5567| 1°4351] 617 1°705| +49 
Phosphate of soda 1333 | 1°030} 80 | 1°381) +48 


1°723 | 1°013| 34 | '1°382| 341 
1°545 | 1°158}] 317 1°4.98 AT 
1°927 | 1°301} 428 1°703 | 226 


Borax 
Soda of commerce 
American potash 


In those only marked +, in the last column, does the cal- 
culated specific gravity exceed the real; in all the others it 
falls short of it. . : 

6. As a knowledge of the quantity of salt contained in sa- Tabieot ° 
line solutions is of considerable importance, both to chemists 7" | 
and manufacturers, [ shall insert here the following table of 
-Hassenfratz, which exhibits the specific gravity of saline solu- 
tions, differently impregnated at the temperature of 55°. The 
first column gives the quantity of salt contained in 100 parts, 
by weight of the solution: the others, the specific gravity of 
each solution so impregnated. ‘The column belonging to each 
salt terminates when water is saturated with it at the tempera- 
ture of 55°. The salts were in general crystallized. The fun- 
damental experiments from which the table was calculated ap- 
pear to have been made with precision ; the results in general 
agree very nearly with those obtained by Dr. Watson. Fora 
minute account of the method employed in constructing this 
table, the reader is referred to Mr. Hassenfratz’s Dissertation 
on the subject.* 


* Ann. de Chim. xxvii. 118; and xxviii. 282. 
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of Salt in} Sulphate | Sulphate 


100 Parts} of 


of the So- 
lution. 


oda. |of Potash. 


Alum. 


1:0039) 1:0086) 1:0047; 
1:0171|1-0094 
1:0116, 1-0257|1-0142 
1°0154, 1-0343} 1-0189 


1-0078' 


10192; 1:0429) 1-0236 | 


1:0230, 
1:0968) 
1:0306 
1:0344: 
1:0381 
1:0418) 
10455) 
1:0492, 
1:0528' 
1:0564' 
1:0598 


1:0515 


ate 1) latte 


| Weight 
f Salt in} Sulphate 

| 100 Parts f 

of the So-| Magnesia. 
lution. 


{0 


| 


°o 


1:0096 
1°0192 
1:0286 
1:0379 
1:0470 
1:0555 
1:0646 
1°0711 
1:0771 
1:0860 
1:0976 
1°1052 
1°1178 
1°1324 
1°1440 


1°1557| 1-2031) 1:1820 


1°1675 
1:1789 
1°1905 
1°2122 
1°2262 


1°2302) 


1-2432 
1:2562 
1:2683) 


1:2833) 


1:2973) 


Sulphate | Sulphate — 


of fron. | of Zinc. Copper. 


1:0096; 1-0080) 1°0141 
1:0203} 1:0165} 1°0280 
1:0314| 1:0255) 1:0413 
1:0436} 1:0345| 1:0539 
1:0560)} 1:0440} 1°0660 
1°0696) 1:0540) 1:0795 
1°0829} 1:0665) 1:0938 
1:0961/| 1:0790) 1:1083 
1:1095| 1:0915] 1°1230 
1°1220) 1°1040} 1°1380 
1°1358) 1:1165] 1:1513 
1°1498) 1:1290) 1°1747 
1°1638) 1:1420 
1:1781| 1:1550 
£°1920) 11680 


1°1960 
1°2100 
1:2240 
1:2380 
1:2525 
1:2680 
1°2855 
1°3045 
1°3310 
1:3485 
1°3565 


ede] lob lel eee hal 
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Table of Saline Solutions, continued. 


a ROU PRR. Bie ae ae SEIES ET NAR Pe Chap. If. 
Weight of 
Saltin 100} Muriate | Mauriate Chlorate | Muriate Muriate 

Parts of of of of of of 

the Solu- Soda. Potash. Potash. | Ammonia.| Barytes. 


—_—— rr | re | ene | acme | reo 


1 | 1°0064) 1°004’7| 10055 | 1°0029| 1°0073 
2 |1°0128)1°0095|1°0105|1°0059/ 1°0146 
3 | 1°0192) 10143] 1°0150/1°0089| 1°0217 
4 |1°0256/1°0192] 1°0193/1°0118] 1°0289 
5 | 10320} 1:0240/ 1°0220| 10149] 1°0360 
6 | 1°0384/ 1:0288] 1°0301/1:0179)| 1:0430 
7 |1°0448} 1°0338| 1°0376| 10209] 1:0503 
8 |1°0502)1°0388] 1:0462|1°:0239| 1°0575 
9 |1°0576]1:0438| 1°:0567|1:0269| 10647 
10 |1:0640|1°0490 
12 |1:0775|1°0612 
14 |1°:0910|1°0701 
16 |1°1045|1°0801 
18 /|1°1182|1-0901 
20 |1°1320/1°1000 
22 11°1462/1°1090 
24 |1°1608/1°1178) | 
26 |1°1760/1°1264 
28 |1°1920|1°1344 
30 11°2100/1°1420 


ey pS 


1:0300| 1°0720 
1:03.58) 1°0919 
1°0416| 1°1014 
1:0474| 1°1309 
1°0532} 1°1504 
1°0590| 1°1'700 
1:0642| 1°1901 
1°0693| 1°2227 

—~ | 1°2363 


[4l-LJ-l-Ebedelaf- 
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Table of Saline Solutions, continued. 


Weight of 
salt in 
100 parts 
of the 
solution. 


cs | eee | ns | CERES ct | es 


Muriate 
of 


magnesia. 


1°0068 
1°0136 
1°0204 
1°0274 
1°0340 
1°0408 
1°0476 
1°0544 
1°0612 
1°0681 
1°0751 
1°0823 
1°0895 
1:0967 
1°1040 
1°1114 
151190 


1°1266. 


1:1343 
1°1420 
1°1507 
1°1597 
1°1686 
KEW) 
1°1870 
1°1963 
1°2068 
1°2164 


1°2261 - 


1°2380 
1°2507 
1°2646 


Muriate 


zinc. 


12273 
1:2466 


: 
| 
| 
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Table of Saline Solutions, continued. Chap. TIT, 
Weight of 
salt in Nitrate Nitrate Nitrate Nitrate Nitrate 
100 parts of of of |of 
ofthe | potash. - barytes. ime. zince copper. 
solution. 
1 1-0063 | 1:0059| 1°0062| 1:0052! 1°0061 1:0059 
Z 1°0125} 1°0119| 1°:0123 | 1°:0104| 1:01295| 1°:0119 
38 10186 | 1:0180/} 1°0185} 1°0156| 1:0189]| 1:0192 
Mh 1°0244 | 1:0240 | 1°0250] 1°0208| 1:0255| 1:0252 
» 10302 | 1°0300 | 1°:0320] 1:0260| 1:0320]| 1°0320 
‘6 1°0353 | 1°0859 | 1°0409| 1:0310]| 1°0387]| 1°0390 
A 1°0408 | 1:0419 10361 | 1°0442 | 1:0457 
8 1°0468 | 1°0480 1°0411 | 1°0509| 1°0526° 
9 1°0531] 1°0540 1°0481 | 1:°0574] 1°0592 


10 | 1:0595} 1:0600 
12 | 10722} 1-0719 
14 | 1:0850} 1-0840 
16 | 1:0984 1:0960 
18 | 1:1119/ 1:708] 
20 | 11235} 11202 
22 | 1°1389| 1°1336 


1°0510| 1°0640| 1°:0655 
1°0601 | 1°0786 | 1:0778 
1:0690 | 1:0926 | 1:0918 
1:0777| 1°1063 | 1:1060 
1°0864 | 1°1183 | 1°1201 
1:0950 | 1°1340} 1:1350_ 
1°1044 | 1°1508 | 1°1521 


24 1°1520| 1°1482 — 11112) 1°1676| 1:1716— 
26 — 1°1628 — 1°1185 | 171844} 1°1915 
28 ecee eV PiO — 1°1257 | 1°2012} 1°2117 
30 — 1°1920 — 1°1320 | 1:2180| 1°2320 
32 — 1°2099 — 1°1383 | 1°2348 | 1°2513 
34 — 1°2294 — — 1°2515| 1:2712 
36 — — — — 1°2683 | 1°2912 
38 _ — — — 1°2851 | 1°3113 : 
4:0 — — — ere 1°3020 | 1°3320 
42 _— — — — 1°3203 | 1°3533 
4.4 — — — anes 1°3395 | 1°3749 
46 — — -_— — 1°3601 | 1°3978 
48 — ~— — — 1°3810} 1°4206 
50 — — — — 1°4050 | 1°4440. 
52 ~~ — — —_ 1°4271 | 1°4686 
34: oa ~- — — 1°4494 | 154944 
56 — — — — 1°4727| 1°5205 
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Weight of 
salt in 
100 parts 
of the 
solution. 


Table of Saline Solutions, continued. 


Acetate 
of 
Lime. 


1°0049 


1-0098 
1:0147 
1:0197 
1°0247 
1°:0297 
1°0348 
1°0400 
1°04:53 
1°0507 
1°0615 
1°0735 


0°0860 |. 


PEPEP ELT RPE REET TA 


Acetate 
of 
Alumina. 


1°0090 
1°0190 
1°0280 
1°0380 
10470 
1°0570 
1:0670 
10780 
1°0880 
1°0990 


PEP ELAA TATE EEE EER EE 
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Acetate 
of 
Lead. 


1:0070 
1:0140 
1:0211 
1°0283 
1°0366 


og Ni ei a 


Acetate 
of 
Soda. 


1:0028 
1°0055 
1:0087 
10117 
1°0146 
1°0176 
1°0206 
1:0237 
1°0267 
1°0299 
1°0361 
1°04.24 
1°0488 
1°0553 
1:0619 
1°0685 
1:0751 
1:0817 
1°0883 
1:0955 
1°1018 
1°1090 
1°1165 
1:1242 
1:1320 
Tloo 
1°1432 
1°1567 
1°1656 
1°1755 


el 


Acetate 
of 
Magnesia. 


1°0041 
1:0052 
1:0124 
'1°0166 
1:0208 
1:0250 
1:0293 
1°0337 
1°0380 
1°0424 
1:0512 
1:0603 
1:0696 
1:0790 
1:0885 
1°0983 
1:1086 
1:1180 
1°1294 
1°1400 
1°1507 
1°1614 
1:1723 
1°1834 
1°1946 
1°2058 
1°2172 
1°2287 
1°2403 
1*2520 


Acetate 
of 
Tron. 


1:0035 
1:0075 
1°0112 
1:0150 
1°:0188 
1°0225 
1°0264 
1:0302 
1:0341 
1:0380 
1°0458 
1:0537 
1:0616 
1:0697 
1:0780 
1°0863 
1:0948 
. 191045 
1°1140 
1°1224 
1°1323 


aa Ms wh 
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Table of Saline Solutions, continued. 


Weight of 
salt in 
100 parts 
of the 

‘solution, 


Tartrate 


10034 
1:0072 
10108 
10148 


1:0190 
1:0231 
1:02'72 
10313 
1:03.55 
1:0397 
10481 
1:0567 
1:0655 
10745 
10837 
11032 
1°1153 
1:1283 
1'1436 
1°1600 
1:1801 


| 


Pl lias & Be Fl 


Tartrate 
of 
Potash. 


1:0050 
10102 
1°0153 
1°0212 
1°0258 
1°0311 
1°0363 
1°0417 
1:04:70 
1°0525 
1°0634 
1°0744 
1°0856 
1°0968 
1°1080 


1°1196 


1337 
1:14.47 
11569 
1°1700 
1°1838 
1:1978 
1°2118 


1°2259 |. 


1°2400 
1°2547 
1°2696 
1'2861 
13015 
1°3180 
1°3351 
1°3527 
1°3507 
1°3902 
1°4120 


= 


Phosphate 
of 
Soda. 


1°0040 


1°0081 
1°0120 
1°0166 
1°0200 
1°0237 
1:0270 
1°0300 


Pitdlelgae Pelsles S34 Eile peeks 


1°0040 


Borax. 


1:0084 
1°0122 


i LSE Set RS ce es 


lel lsat Tt [ok 1 | ol 


commerce, 


1°:004.2 
1°0086 
1°0130 
1°0175 
1°0220 
1:0264 
1°0310 
1:0356 


1:04.03 | 


1:04.58 
1°054:4 
1°0640 
1°0736 
1°0833 
1:0930 
1:1031 
1°1135 


1324) 


1°1349 
1+1460 


ERE EIAE LEE ELIE 


American 
Potash. 


aoe bee 


1°0050 
1:0102 
1°0156 
1°0212 
1°0269 
1:0327 
1°0385 
1:04.43 
1°0503 
1°0563 
1°0684 
1°0807 
1:0930 
1°1053 
°1179 
‘1307 
"1438 
"1571 
°1724 
°1840 
°1989 
"2149 
‘2304 
"2478 
-2660 
‘2880 
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This table is so simple as scarcely to require any explana- 


—\— tion. Suppose we have a solution of nitrate of zinc, of the 


Explana- 
tion of the 
table. 


specific gravity 1°4050, at the temperature of 55°; by inspect-- 
ing the table, we see immediately that such a solution contains 
half its weight of crystallized nitrate of zinc. | 

When the specific gravity of our solution is not to be found 
exactly in the preceding table, we may obtain the quantity of 
salt which it contains pretty nearly by the following method : 
suppose we have a solution of American potash of the specific 
gravity 11900, at the temperature 55°. By inspecting the 
table, we find that the quantity of salt which our solution con- 
tains lies between 30 and 32 per cent. Now the specific gra- 
vity of a solution containing 30 per cent. is 1°1840, and that 
of one containing 32 per cent. is 111989. If we can find a 
number such that it will have the same ratio to 30 and 32, as 
1'1900 has to 1'1840, and 1°1989, that number will give us very 
nearly the quantity of salt per cent. which our solution con- 
tains. The following operation gives us a number &, which, 
when added to 30, makes the number required: 


32 — 30: 1°1989 — 1°1840 :: x: 1900 — 1840; 


Or, which is the same thing, 


2 x 60 


92:149::x:60, andx= sere 


= 0°81. 


The number required of course is 30°81. 

Suppose we have a saturated saline solution of any salt, 
and that we wish to reduce it by the addition of water till it 
contains only a given quantity of salt per cent. the quantity 
of water to be added may be found by the following opera- 
tion. Let D be the weight of a saturated solution which 
we wish to dilute, S the quantity of salt which it contains, 
az the quantity of water to be added, S’ the quantity of salt 


contained in 100 parts of the new mixture; then we have 
Dt PD ptence wee 22 ee appise ok i 
: 3 nm SS ppose the solution 
which we have to be nitre and D = 100. From the table we 
see that a saturated solution of nitre contains 24°88 per cent. 
of salt; therefore S = 24°88. Let it be required to reduce it 


so that it shall contain only 10 per cent. of salt. Here S’= 10. 


2488 — 
We have therefore x = : m2” 148°8. So that to 100 


parts of the saturated solution if we add 148°8 parts of water 
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- by weight, we shall form a new solution, containing only 10 denn fad 
per cent. of salt.* : 

7. The quantity of salt soluble in water in most cases In- eens 
creases with the temperature. Hence both the proportions ture. 
and the specific gravity must vary with every temperature. 

The preceding table applies only to the temperature of 55°, 

Hitherto no exact set of experiments has been made to enable- 

us to ascertain what allowance is to be made for changes of. 
temperature. Hassenfratz has promised to publish a treatise 
on the subject, but hitherto he has not fulfilled that promise. 

8. Water has the property of dissolving more than one Aetion of ~ 
solid body at a time; we may present to a saturated AQUEOUS timer 
solution of one substance another substance soluble in water, =lidsat ~~ 
In that case, the result varies exceedingly according to the hee 
substances used; but the different cases may be reduced to. 
three: 1. Sometimes none of the solid is dissolved: thus, a. 
saturated solution of muriate of lime is incapable, at the 
temperature of 60°, of dissolving any common salt. In that 
case the temperature of the liquid suffers no change. 2. Some- 
times the saturated solution dissolves the whole or a part of 
the new solid, without losing any part of the solid with which 
it is already combined. Thus a saturated solution of nitrate 
-of potash, in the temperature of 51°, dissolves a considerable 
quantity of common salt, and thus has its density greatly in- 
creased. In that case the temperature of the solution always 
sinks when the new solid is in the state of a hydrate. 3. Some- 
times the saturated solution dissolves the new solid, but at the 
same time lets go a portion or the whole of the substance with 
which it was formerly combined. Thus when a saturated 
solution of sal ammoniac, in the temperature of 61°, is mixed 
with a sufficient quantity of common salt, this last substance 
is dissolved, but at the same time the whole of the muriate of 
ammonia precipitates. In this case the temperature of the 
solution often rises. 

We are indebted to Mr. Vauquelin for the most curious Action of — 
set of experiments on this subject which has hitherto ap- pipe Ie; 
peared. I shall present the result of them under the form of tion 
atable. They were made by mixing muriate of soda in powder 
with saturated solutions of various salts. The portion of liquid 
used in each experiment was 2304 grains (4 oz. French,) and 


* Wassenfratz, Ann. de Chim. xxvii. 132. 
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' Book the quantity of common salt mixed with it was always 576 
grains, or 4th of the weight of the liquid. The first column 
of the following table gives the temperature of the saline so- 
lution ni ledges the second, the name of the solution; the 
third, its specific gravity, wherever that has been noted by 
Mr. Vauquelin; the fourth column gives the weight of com- 
mon salt in grains, taken up by the solution; the fifth, the 
quantity of the salt previously in solution, which precipitated 
when the common salt dissolved ; the sixth column gives the 
temperature of the liquid immediately after the solution of the 
common salt; and the seventh the amount of the change of 
temperature.* 


Portion of 
Portion of | salt preci- | New tem- Change: 
salt dis- pitated perature of 
solved. from the } produced. | temperature. 
solution. 


empera- : i 
Tempers Saline solution Specitic 
ture before gravity. of 
: used, : 
mixture, ditto. 


47° Pure water |1°00 . 542 0 | 43°25) —3°75 
Nitrate of ! as tr es 
51 Lia 0) OO} 51 | O 
: Muriate of vi ante és 
61°25 fee O | 61°25 0 
‘ Nitrate of |,, Hw i; 
51°1 potash 1°114 oy te .@) 
4775 | Alum (i048 | 556 0 | 45°25 | —2:5 
Nitrate of nN e oe 
49 barytes O | 4595 —3°5 
Sulphate of ‘ 
47 line 1:006 43°25 —3°75 
Aire Sulphate of 46°75 | —1 
: potash 48°75} +1 
J Nitrate of |,. 2 
52°25. |: magnesia 1°307 A little} 55 | + 2°75 


* See Vauquelin, Ann. de Chim, xiii. 86. 
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Portion of 
Specific | Portion of | salt preci- 

gravity of | salt dis- | pitated 
ditto. solved. from the 

solution. 


New tem- Change 
perature of 
produced, | temperature. 


Tempera- 
ture before 
mixture. 


Saline solution 
used. 


Se es | Oy ss | cos | tee | pe ceeE ES s | ie eS 


47° Uy of ey 186 | 52:25| + 5°75 
gage | Mia ot [atmo Mone Tag | + ba 
A7°75 oy ometahe 536 | 396 rinebs + 6°95 
ara |Muiatcot]  |alioa| The | 2025] + 000 
51°] he of po ome ous ug + 10°18 
ava |Muritgof| onaelAgenl ra: /+ 102s 
47°75 stone 1-240 Are 720 | 65°75 deed 


From this table it appears that a saturated solution of ni- 
trate of lime dissolves zo common salt; that a saturated solu- 
tion of nitrate of potash dissolves more common salt than the 
same weight of pure water; and that a saturated solution of 
nitrate of soda likewise dissolves more common salt than pure 
water, but at the same time allows the greatest part of the 
nitrate of soda to precipitate. 

These curious phenomena obviously depend upon the mu- 
tual action which certain salts exert upon each other, which 
by diminishing the cohesion of each, enables the water to act 
upon them with more energy; and upon their relative affinity 
for water. This affinity we know varies with the temperature, 
and every salt follows a particular law of its own. Hence it 
happens, that the phenomena above described succeed only at 
the temperature in which the experiments were made. In 


high temperatures, the affinity of muriate of soda for water is: 


much feebler than that of most of the salts. Ata boiling 


* The residue not precipitated formed with the muriate of soda a triple 
salt. 
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Bok. heat, therefore, it is separated by those very salts which it 
throws down at a low temperature. 

The heat evolved, even when the quantity of salt precipi- 
tated was much less than of the common salt dissolved, shows 
us that muriate of soda absorbs but little heat during its solu- 
tion in water. A circumstance probably connected with the 
small quantity of water of crystallization which it contains. 

9. When a portion of the water holding a solid body in» 
solution is removed by evaporation, the particles of the solid’ 
being brought nearer each other, their tendency to cohesion 
increases, and more than counterbalances their affinity for the 
liquid. Hence a portion separates and assumes the solid form. 
If different bodies be in solution at once, that substance sepa- 
rates first which has the greatest tendency to cohesion. But 
in general, the different substances dissolved act upon each 
other to a certain extent, and prevent or retard their return- 
ing to the solid form. Hence the mother liquor, as it is called, 
which almost always remains when compound saline liquors 
are evaporated. 

By evaporation, a saturated solution of a solid may be con- 
centrated to a considerable degree, without depositing any of 
the dissolved solid; because the cohesion being now destroyed, 
cannot resist the action of the water on account of the equili- 
brium of the particles, unless some cause intervene to destroy 
that equilibrium. ‘Thus if a crystal of the substance dis- 
solved be introduced into the solution, immediately the par- 
ticles in solution begin to deposite themselves.™. 

‘Action of = II. The action of alcohol upon solids is more limited than 
ame that of water. There are, however, a considerable number 
of bodies on which it acts. We are not acquainted with any 
solid combinations into which alcohol enters similar to the hy- 
drates. The following is a list of the solid substances which 
it is capable of dissolving : 

1. Sulphur. 

2. Phosphorus, and several compounds into which it enters. 

3. Fixed alkalies. 

4. Some of the alkaline earths in minute proportions. 

5. Most of the solid acids. 

6. Many salts. 

7. Alkaline sulphurets. 


* Berthollet has explained this subject at great length, and with his usuak 
sagacity. See Statique Chimique, i. 34 and 35. 
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§. Alkaline soaps. Chap. II. 

9. Many vegetable substances. 

Water and alcohol together appear to act upon several solid 
-bodies with more energy than either of them separately. 

Ill. The action of ether seems still more circumscribed than 
that of alcohol; but the experiments hitherto made upon the 
action of ether, petroleum, volatile oils, and fixed oils, upon 
solids, are neither sufficiently numerous nor precise to warrant 
any general deduction. 

IV. The action of mercury is confined entirely to the me- Action of 
tals. With these it forms compounds called amalgams. ‘The Eton a 
energy of the action depends obviously upon the strength of 
its affinity, and upon the cohesive force of the particles of the 
metal with which it is to combine. 

There are seven metals upon which mercury acts spon- 
taneously; and if applied in sufficient quantity, dissolves them 
completely. ‘These are, 


Gold, Lead, Bismuth, Osmium. 
Silver, ‘Tin, Zinc, » 


Upon five metals it may be made to act either by trituration 
or by destroying the cohesion of the metal by means of heat. 
These are, 

Platinum, Tellurium, Antimony. 


Copper, Arsenic, 


With iron it may be made to combine; but its affinity for 
that metal being very weak, the iron must be presented in a 
particular state. 

There are five metals with which mercury cannot be made 
to combine. ‘These are, 


Nickel, Rhodium, Molybdenum. 


Cobalt, Manganese, 


Its action upon the other metals has not been tried. 

When several of the metals are dipped into mercury, they 
come out moistened with it just as a piece of wood does when 
plunged into water. ‘The adhering portion has obviously be- 
gun a combination. Hence the mercury adheres to the metal Adhesion of 
with a considerable force. We learn from the experiments of mercury. 
Morveau, that this force varies in different metals. He 
constructed cylinders of different metals, perfectly round, 
an inch in diameter and the same in thickness, and having 
a small ring in their upper surface, by which they might 
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Book 1. be hung exactly in equilibrium. He suspended these cylin- 


ders, one after another, to the beam of a balance; and after 


counterpoising them exactly, applied them to a quantity of — 


mercury placed about two lines below them, making them 
slide along its surface, to prevent any air from lodging be- 
tween them and the mercury. He then marked exactly the 
weight necessary to overcome their adhesion, taking care to 
change the mercury after every experiment. The table of 
the results is as follows: 


Gold adheres to mercury with a force of 446 gr. 


BU VeT ice x n'a srsca¥eibie eas elses EME egani «00,429 
as RRR oe einai) haw ihe sets <ibhoiein ileal ek 
WAC sv eiciers o/c hes cis ein aa ain ecg gee ies . 397 
Bismuth ....... FI ANGE NN RA ORG Sar 372 
SPAS RUIT 5 ee pain ts pace ppb Tea Blogs sas ee 
WADIC iirs tata a! cal dec a aoe ariete D a5 Sginceltls Oe 
Copper ...... ERE Ae RT REL . 142 
ARURILOLY <. ewtr aes gio cres es aos ais: a io ae 
TYORT soe see A Oe” 4 is is ese 
Cobalt wusdies ina .aa <lmae ees pias sie vigor e 


These numbers may be considered as proportional to the 
affinity of each metal for mercury. They obviously depend 
upon the quantity of mercury that adhered to each surface: 
and that of course would be regulated by the affinity. But the 
supposition that the numbers in the table are proportional to 
the affinity is altogether gratuitous. 


CHAP. IV. 
OF SOLIDS. 


Sorin bodies are much more numerous than either liquids 
or elastic fluids. Many of them when heated become liquids, 
while others are decomposed before they acquire the tem- 
perature necessary to produce fluidity. In this chapter we 
shall consider, in the first place, the constitution of solid 
bodies, and afterwards their combinations with each other. 
Solid bodies consist of an indefinite number of homogeneous 


* Morveau, Ann. de Chim, xxv; 10. 
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particles aggregated together in masses, and so constituted Chap. IV. 
that: they cannot, like liquids, move among themselves. In 
considering the constitution of solid bodies, there are two 
things which claim particular attention. The first is the force 
by means of which the particles are united together. It is 
called cohesion. ‘The second is the way in which these parti- 
cles arrange themselves with regard to each other. It pro- 
duces those regular shapes in solid bodies well known by the 
name of crystals. We shall treat of each of these separately - 
this chapter, then, will be divided into three sections; treat- 
ing respectively, | 

1. Of cohesion. 

2. Of crystallization. 

3. Of the combination of solids with each other. 


SECT. I. 
OF COHESION. 


Tue force called cohesion is inherent in all the particles of solid 
odies ; for all solid bodies exist in masses composed of an in- 
lefinite number of particles united together. 

1. It acts only at insensible distances; for whenever we re- 
1ove the particles of a body to a perceptible distance from 
ach other, they cease to cohere altogether. 

2. Cohesion is exceedingly various in different bodies; Cohesion 
1ough in the same body, if other things be equal, it is always vince 
he same. ‘Thus an iron rod is composed of particles of iron bodies. 
ohering so strongly, that it requires an enormous force to 
sparate them. A smaller force is necessary to overcome the 
dhesion of lead, and a still smaller to separate the particles 
f chalk from each other. In short, there are scarcely two 
odies whose particles cohere with the same force. The force 
f cohesion in solid bodies is measured by the weight neces- 
wy to break them, or rather to pull them asunder. Thus 
-a rod of glass be suspended in a perpendicular direc- 
on, and weights be attached to its lower extremity till the 
dis broken by them, the weight attached to the rod just 
fore it broke is the measure of the cohesive force of the rod. 

Ve are indebted to Muschenbroeck for the most complete 
t of experiments hitherto made upon the cohesive force of 
lid bodies. Sickengen has also examined the cohesion of 
veral of the metals with much accuracy. The results of 
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Book II. the labours of the first of these philosophers may be seen in 


the following table : * 


I. METALS. 


Steel, bar yee: 


Sie ee St OOSUU0 © LIP CHS hued « oe. 4,440 
Fron Dar ON, 74,500 Bismuth...... oe er eet 
MUG. YCASt ow Se ee OCU IC eee ee anes 2 a die «ee aOR 
Copper, cast........ 28,600 Antimony ........ .. 1,000 
SMVver PCAs PT TT ry 41,500. Lead, Cast... .. ov cuw ao eeeae 
RON, CSP eee eek ce ee eLU00 
II. ALLOYS. 
Gold 2 parts, ena 98.000 DB@SSer sees eesveees 51,000 
UR Od Saas ERs Tin 3; lead 1tigtitieas 10,200: 
Gold 5, copper1.... 50,000 Tin 8, zincl........ 10,000 
Silver 5, copperl.... 48,500 Tin 4, antimonyl.... 12,000 
iver 4, tin’ Liewaeeys 41,000 Lead 8, zincl...... 4,500 
Copper 6, tinl...... 55,000 ‘Tin 4, lead 1, zinc 1. 13,000. 
III. WOODS. 
Locust tree ........' 20,100: ‘Pomegranate ..... “s /9,750 
duj|eb oasaialls wlgiepe 18,500 Lemon...... Li .93_ 9325E 
Beech, oak... 5... Jt . 17,300 ‘Tamarind 0... 1esOBy75@ 
Orange. sieowiddtils .s2 ithby500. 7ihiniy-omcs, Ai, SRS 8,330 
AAEM. sets ete dinetes , 13,900 Walnut ..... Bhi & 8,130 
ELON ys leerabteathe a06: 4 ..013,200-: Pitch pine ..i.4. 0209 7,656 
Mulberny pias we, 02800, Quince. nos, oe 8 6,750 
Willow. .:.5.% . wineaod 2, 600;mCypress:®. 4... 20H. 2396008 
ASD tree. lett dies 612,000 Poplar iu. 72001 20. ae 
Plamyjs.0iis sais. Sek! 15800 eCedareiy J op. Vi Pee ame 
PACE d's" ..o 2vees 2 tées10j000 | 
IV. BONES. 
TVOTY 40 os 0.2: 0-0)0.« + os 0, LOs27O) YRBlCDONE 9is! sie a 
Bone cis ore is #2 + 00.4 s 26, 950;4-1 oth Ofisea calf... cau) 4, Grn 
LOVIN. Fire aleaesd toni oend on Oe 


* In this table the numbers denote the pounds avoirdupois which are 
just sufficient to tear asunder a rod of each of the bodies whose base is am 


inch square, 
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3. The nature of cohesion has been more happily explained chap. 1v, 
by Boscovich than by other: philosopher. Indeed it forms ae 
the most beautiful and satisfactory part of his theory. Ac- by Bosco- 
cording to him, the particles of bodies cohere together when pi 
they are placed in the limit of repulsion and attraction. Two 
particles; when situated at a certain distance from each other, 
repel each other mutually ; this repulsion gradually diminishes 
as the distance between the particles increases, till at last, 
when the distance reaches a certain magnitude, the repulsion 
ceases altogether. If the distance be increased ever so little, 
the particles now, instead of repelling, attract each other; and 
this attraction increases with the distance, till at last it reaches 
its maximum. From this point it gradually diminishes, till at 
last, when the particles have acquired a certain distance, it 
vanishes altogether. If the distance be increased ever so little 
beyond that distance, the particles now again repel each other. 

Fle supposes that the insensible distance between two particles 
is divided into an indefinite number of portions of alternate 
repulsions and attractions. 

Let the line A H represent 
theinsensible distance between 
two particles; and let the or- 
dinates of the curve IQq qq” 
represent the attracting and 
repelling forces of the two par- 

“ticles, as the second moves along the line A B while the first 
remains in the point A. The ordinates of the curves situated 
above the line A H represent repulsive forces, and those be- 
low the line represent attracting forces. The points B, C, D, 
E, F, G, H, where the curve cuts the axis, represent the 
limits between repulsion and attraction.. While the second par- 
ticle is in any part of the line A B it is repelled : the repulsion 
increases as the particle approaches A; and at the point A it 
is infinite, because the line A a is to be considered as an 
asymptote to the curve. At the point B the second particle 
is neither repelled nor attracted. In every part of the line 
B C it is attracted; and the attraction is a maximum at P, 
because there the ordinate P Q isa maximum. At the point 
C it is neither attracted nor repelled. In every part of C D 

it is repelled; in D it is neither attracted nor repelled; in DE 
it is attracted; and so on. 

Now the points B, D, F, and H, are called by Boscovich 
‘limits of cohesion, because particles placed in these points re~ 
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BookIf. main unaltered, and even resist any force which endeavours 


to displace them. If they are driven nearer each other, they — 
are again repelled to their former limit: on the other hand, if — 
they are driven to a greater distance, they are again attracted 
to their former situation. 

Boscovich supposes, that in all cases of cohesion the par- 
ticles of the cohering body are so situated as to be in these 
limits of cohesion with respect to each other. According to 
this very ingenious theory, cohesion is not, properly speaking, 
a force, but the interval between two forces. And even if we 
were to modify the theory a little, still we must consider co- 
hesion as the balancing of two opposite forces, either of which 
becomes prevalent according as the cohering particles are 
urged nearer each other or forced to a greater distance. Con- 
sequently, if we were to speak with precision, cohesion is not 
itself a force, but the absence of a force. What has been 
hitherto called the force of cohesion, is the attraction which 
prevents the cohering particles from separating from’ each 
other, and which begins to act, or, more precisely, which be- 
comes prevalent, when the par ticles are urged to a greater 
distance from each other. 

4. Boscovich has shown, in a very satisfactory manner, how 
all the varieties of cohesion may be produced by the dif- 
ferences in the size, figure, and density of the cohering parti- — 
cles.* It deserves attention, that in most cases the cohesive — 
force of undecompounded solid bodies is very considerable. 
All the metals cohere very strongly ; the diamond probably co- 
heres with no less force, if we can judge from its hardness; 
and the cohesion of sulphur is also great. The sapphire or 
crystallized alumina, and rock crystal or crystallized silica, 
are always very hard. In the metals the cohesion is very 
often increased considerably by alloying them together. Thus 
the cohesion of copper is doubled by alloying it with one- 
sixth of its weight of tin, though the cohesion. of the tin is 
scarcely one-sixth of that. of the copper. The. cohesion of — 
metals is greatly increased by forging them, and by drawing 
them out into wire. By this last operation gold, silver, and 
brass, have their cohesion nearly tripled, copper and iron © 
more than doubled. 


_ * See his Theoria Philosophie Naturalis, Part iii, Sect. 406, p. 185. 
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Tue word crystal (xguoraaacs) originally signified ice ; but Chap. Iv. 

it was afterwards applied by the ancients to crystallized silica, brie agm 

_ or rock crystal ; because, as Pliny informs us, they considered 
that body as nothing else than water congealed by the action 
of cold. Chemists afterwards applied the word to all trans- 
parent bodies of a regular shape; and at present it is em- 
ployed to denote, in general, the regular figures which bodies 
assume when their particles have full liberty to combine ac- 
cording to the laws of cohesion. ‘These regular bodies occur 
very frequently in the mineral kingdom, and have long at- 
tracted attention on account of their great beauty and regu- 
larity. By far the greater number of the salts assume like- 
wise a crystalline form; and as these substances are mostly so- 
luble in water, we have it in our power to give the regular 
shape of crystals in some measure at pleasure. 

1. Most solid bodies either occur in the state of crystals, or 
are capable of being made to assume that form. Now it has 
long been observed by chemists and mineralogists, that there 
is a particular form which every individual: substance always 
affects when it crystallizes: this indeed is considered as one of 
the best marks for distinguishing one substance from another. 
Thus common salt is observed to assume the shape of a cube, 
and alum that of an octahedron, consisting of two four-sided 
‘pyramids, applied base to base. Saltpetre affects the form of 
a six-sided prism; and sulphate of magnesia that of a four- 
sided prism; and carbonate of lime is often found in the state 
of arhomboid. Not that every individual substance always 
uniformly crystallizes in the same form; for this is liable to 
considerable variations according to the circumstances of the 
case: but there are a certain number of forms peculiar to 
every substance, and the crystals of that substance, in every 
case, adopt one or other of these forms, and no other; and thus 
common salt, when crystallized, has always either the figure of 

_ a cube or octahedron, or some figure reducible to these. 

2. As the particles of bodies must be at liberty to move be- 
fore they crystallize, it is obvious that we cannot reduce any 
bodies to the state of crystals, except those which we are able 


‘to make fluid. Now there are two ways of rendering bodies ae 
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Book i. fluid, namely, solution in a liquid, and fusion by heat. These of 
course are the only methods of forming crystals in our power. 

Solution, Solution is the common method of crystallizing salts. They 
are dissolved in the water: the water is slowly evaporated, the 
saline particles gradually approach each other, combine toge- 
ther, and form small crystals; which become constantly larger 
by the addition of other particles, till at last they fall by their 
gravity to the bottom of the vessel. It ought to be remarked, 
however, that there are two kinds of solution, each of which 
presents different phenomena of crystallization. Some salts 
dissolve in very small proportions in cold water, but are very 
soluble in hot water; that isto say, water at the common tem- 
perature has little effect upon them, but water combined with 
caloric dissolves them readily. When hot water saturated with 
any of these salts cools, it becomes incapable of holding them 
in solution: the consequence of which is, that the saline par- 
ticles gradually approach each other, and crystallize. | Sul- 
phate of soda is a salt of this kind. ‘To crystallize such salts, 
nothing more is necessary than to saturate hot water with 
them, and set it by to cool. But were we to attempt to crys- 
tallize them by evaporating the hot water, we shourl not suc- 
ceed; nothing would be procured but a shapeless mass.. Many 
of the salts which follow this law of crystallization combine 
with a great deal of water; or, which is the same thing, many 
crystals formed in this manner contain a great deal of water of 
crystallization. oe! wit 

There are other salts again which are nearly equally soluble 
in hot and cold water; common salt for instance. It is evi- 
dent that such salts cannot be crystallized by cooling; but they 
crystallize very well by evaporating their solution while hot. 
These salts generally contain but little water of crystallization. 

Wasion. There are many substances, however, neither soluble in 
water nor other liquids, which, notwithstanding, are capable 
of assuming a crystalline form. This is the case with the me- 
tals, with glass, and some other bodies. The method employed 
to crystallize them is fusion, which is a solution by means of 
caloric. By this method the particles are separated from one 
another; and if the cooling goes on gradually, they are at li- 
berty to arrange themselves in regular crystals. 

3. To obtain large artificial crystals, of a regular shape, re~ 
quires considerable address and much patient attention. This 
curious branch of practical chemistry has been much improved. 
by Mr. Leblanc; who has not only succeeded in obtaining re~» 
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gular crystals of almost any size at pleasure, but has made Chap. 1V. 
many interesting observations on crystallization in general.* —~—~ 
His method is as follows: The salt to be crystallized is to be 
dissolved in water, and evaporated to such a consistency that 
it shall crystallize on cooling. Set it by, and when quite cold 
pour the liquid part off the mass of crystals, at the bottom, 
and put it into a flat-bottomed vessel. Solitary crystals form 
at some distance from each other, and these may be observed | 
gradually increasing. Pick out the most regular of these, and 
put them into a flat-bottomed vessel at some distance from each 
other, and pour over them a quantity of liquid obtained in the 
same way, by evaporating a solution of the salt till it crystal- 
lizes on cooling. Alter the position of every crystal once at 
least every day with a glass rod, that all the faces may be al- 
ternately exposed to the action of the liquid; for ihe face on 
which the crystal rests never receives any increment. By this 
process the crystals gradually increase in size. When they 
have acquired such a magnitude that their form can easily be 
distinguished, the most regular are to be chosen, or those 
having the exact shape which we wish to obtain; and each of 
them is to be put separately in a vessel filled with a portion of 
the same liquid, and turned in the same manner several times 
a day. By this treatment they may be obtained of almost any 
size we think proper. After the crystal has continued in the 
liquid for a certain time, the quantity of salt held in solution 
becomes so much diminished, that the liquid begins to act 
upon the crystal and redissolve it. This action is first percep- 
tible on the angles and edges of the crystal. They become 
blunted, and gradually lose their shape altogether. When- 
ever this begins to be perceived, the liquid must be poured off, 
and a portion of new liquid put in its place; otherwise the 
crystal is infallibly destroyed, Mr. Leblanc has observed, that 
this singular change begins first at the surface of the liquid, 
and extends gradually to the bottom; so that a crystal, if large, 
may be often perceived in a state of increase at its lower end, 
while it is disappearing as its upper extremity. Mr. Leblanc 
even affirms that saline solutions almost always increase in den- 
sity according to their depth from the surface. | 

4. The phenomena of crystallization seem to have attracted Nature of 
ut little of the attention of the ancient philosophers. Their °™*t"#* 


tion. 
heory, indeed, that the elements of bodies possess certain re- 


P * Jour. de Phys, lv. 300. 
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Book 1, gular geometrical figures, may have been suggested by these 
—~— phenomena; but we are ignorant of their having made any 


regular attempt to explain them. The schoolmen ascribed the 
regular figure of crystals to their substantial forms; without 
giving themselves much trouble about explaining the meaning 
of the term. This notion was attacked by Boyle; who proved, 
that crystals are formed by the mere aggregation of particles.* 
But it still remained to explain, why that aggregation took 
place; and why the particles united in such a manner as to 
form regular figures. 

The aggregation is evidently the consequence of that at- 
tractive force which has been examined in the last section. But 
to explain the cause of the regular figures is a more difficult 
task. Newton has remarked, that the particles of bodies, while 


“in a state of solution, are arranged in the solvent in regular 
_ order and at regular distances ; the consequence of which must 
‘be, that when the force of cohesion becomes sufficiently strong 
to separate them frorn the solvent, they will naturally combine 


in groups, composed of those particles which are nearest each 
other. Now all the particles of the same body must be sup- 
posed to have the same figure; and the combination of a de- 
terminate number of similar bodies must produce similar 
figures. Hauy has made it exceedingly probable that these 
integrant particles always combine in the same body in the 


-same way, that is to say, that the same faces, or the same edges, 


always attach themselves together ; but that these differ in dif- 


ferent crystals. This can scarcely be accounted for, without 
supposing that the particles of bodies are endowed with a cer- 


tain polarity which makes them attract one part of another 
particle and repel the other parts. This polarity would explain — 
the regularity of crystallization ; but it is itself inexplicable. 
It is remarkable that crystals not only assume regular figures, 
but are always bounded by plane surfaces. It is very rarely 
indeed that curve surfaces are observed in these bodies; and — 


- when they are, the crystals always give unequivocal proofs of | 


imperfection. But this constant tendency towards plane sur-_ 
faces is inconceivable, unless the particles of which the'crystals 
are composed are themselves regular figures, and bounded by 
plane surfaces. , | 
5. If the figure of crystals depends upon the figure of their 
integrant particles, and upon the manner in which they com- 


* Treatise on the Origin of Forms and Qualities. 
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bine, it is reasonable to suppose that the same particles, when chap. 1v. 
at full liberty, will always combine in the same way, and con- 
sequently that the crystals of every particular body will be 
always the same. Nothing at first sight can appear farther All crystals 
from the truth than this. The different forms which the crys- se ie 
tals of the same body assume are often very numerous, and 
exceedingly different from each other. Carbonate of lime, for 
instance, has been observed crystallized in no fewer than forty 
different forms, fluate of lime in eight different forms, and sul- 
phate of lime in nearly an equal number. | 

But this inconsistency is not so great as might at first sight 
appear. Romé de Lisle has shown that every body susceptible 
of crystallization has a particular form which it most fre- 
quently assumes, or at least to which it most frequently ap- 
proaches. Bergman has demonstrated, that this primitive 
form, as Haitiy has called it, very often lies concealed in those 
very crystals which appear to deviate farthest from it. And 
Havy has demonstrated, that all crystals either have this pri- 
mitive form, or at least contain it as'a nucleus within them ; 
for it may be extracted out of all of them by a skilful mecha- 

nical division. 3 
_ Happening to take up a hexangular prism of calcareous 
spar, or carbonate of Jime, which had been detached from a 
group of the same kind of crystals, he observed that a small 
portion of the crystal was wanting, and that the fracture pre- 
sented a very smooth surface. Let ad Fig. 1. 
cdef gh (fig. 1) be the crystal; the a BUD. 
fracture lay obliquely as the trapezium at eodrintloour~ 
p su t, and made an angle of 135°, both | ; 
with the remainder of the base abc s ph 
and with ¢ ue f, the remainder of the 
side ine f. Observing that the seg- 
ment p su ¢2n thus cut off had for its 
vertex 2 1, one of the edges of the base 
abcnith of the prism, he attempted to 
detach a similar segment in the part to 
which the next edge c m belonged; em- : 
ployed for that purpose the blade of a 4" 
knife, directed in the same degree of 
obliquity as the trapezium p s wu t, and 
assisted by the strokes of a hammer. 
Fle could not succeed: but upon making #* % 
the attempt upon the next edge b c, he detached another seg~ 
12 
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Book If. ment, precisely similar to the first, and which had for its ver- 


tex the edge bc. He could produce no effect on the next 
edge a b ; but from the next following, a h, he cut a segment 
similar to the other two. The sixth edge likewise proved re- 
fractory. He then went to the other base of the prism de f g 
kr, and found, that the edges which admitted sections similar 
to the preceding ones were not the edges e f, dr, g Rk, corres- 
ponding with those which had been found divisible at the op- 
posite base, but the intermediate edges de, kr, g f. The tra- 
pezium / g y v represents the section of the segment which had 
kr for its vertex. This section was evidently parallel to the 
section p s ut; and the other four sections were also parallel 
two and two. These sections were, without doubt, the natural 
joinings of the layers of the crystal; and he easily succeeded 
in making others parallel to them, without its being possible 
for him to divide the crystal in any other Fig, 2. 
direction. In this manner he detached 
layer after layer, approaching always 
nearer and nearer the axis of the prism, 
till at last the bases disappeared altoge- 
ther, and the prism was converted into a 
solid, O X (fig. 2), terminated by twelve 
pentagons, parallel two and two: of which 
those at the extremities, that is to say, 
ASRIO, IGEDO, BAODC at | 
one end, and FKNPQ, MNPXU, 
7,QP XY at the other, were the results 
of mechanical division, and had their 
common vertices O, P, situated at the en- 
trance of the bases of the original prism. 
The six lateral pentagons RSUXY, 
ZY RIG, &c. were the remains of the 
six sides of the original prism. 
But continuing sections parallel to the 
former ones, the lateral pentagons dimi- 
nished in length; and at last, the points 
R, G, coinciding with the points Y, Z, 
the points S, R. with the points U, Y, 
&c. there remained nothing of the late- 
ral pentagons but the triangles Y I Z, 
UXY, &c. (fig. 3). By continuing the 
saine sections, these triangles at last dis- 
appeared, and the prism was converted 
into the rhomboid a e (fig. 4). 


Se 


ES 


CRYSTALLIZATION. ; 117? 


So unexpected a result induced him to make the same at- Chap. Iv. 
tempt upon more of these crystals; and he found that all of 
them could be reduced to similar rhomboids. He found also, 
that the crystals of other substances could be reduced in the 
same manner to certain primitive forms: always the same in 
the same substances, but every substance having its own pecu- 
liar form. The primitive form of fluate of lime, for instance, 
was an octahedron; of sulphate of barytes, a prism with rhom- 
boidal bases; of felspar, an oblique angled parallelopiped, but 
not rhomboidal; of adamantine spar, a rhomboid, somewhat 
acute; of blende, a dodecahedron, with rhomboidal sjdes; 
and so on. : 

These primitive forms must depend upon the figure of the 
integrant particles composing these crystals, and upon the 
manner in which they combine with each other. Now, by con- 
tinuing the mechanical division of the crystal, by cutting off 
slices parallel to each of its faces, we must at last reduce it to 
so small a size that it shall contain only a single integrant par- 
ticle. Consequently this ultimate figure ah the crystal must Integrane 
be the figure of the integrant paras of which it is composed. rae a 
The mechanical division, indeed, cannot be continued so far, #78 
but it may be continued till it can be demonstrated that no 
subsequent division can alter its figure. Consequently it can 
be continued till the figure which it assumes is similar to that 
of its integrant particles. 

Haity has found that the figure of the integrant particles of 
bodies, as far as experiment has gone, may be reduced to three; 
namely, 

1. The parallelopiped, the simplest of the solids, whose ae 
are six In number, and parallel two and two. 

2. The triangular prism, the simplest of prisms. 

3. The tetrahedron, the simplest of pyramids. Even this 
small number of primitive forms, if we consider the almost 
endless diversity of size, proportion, and density, to which par- 
ticles of different bodies, though they have the same figure, 
may still be liable, will be found fully sufficient to account for 
all the differences in cohesion and heterogeneous affinity, with- 
out having recourse to different absolute forces. 

These integrant particles, when they unite to form the pri~ 
mitive crystals, do not always join together in the same way. 
Sometimes they unite by their faces, and at other times by their 

edges, leaving considerable vacuities between each. This ex- 
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plains why integrant particles, though they have the same 
form, may compose primitive crystals of different figures. 

Mr. Haiiy has ascertained that the primitive forms of crys- 
tals are six in number; namely, 

1. The parallelopiped, which includes the cube, the rhom- 
boid, and all solids terminated by six faces, parallel two and 
two. | 

2. The regular tetrahedron. 

3, The octahedron with triangular faces. 

4, The six-sided prism. 

5.-The dodecahedron, terminated by rhombs. 

6. The dodecahedron, with isosceles triangular faces. 

Each of these may be supposed to occur as the primitive 
form or the nucleus in a variety of bodies; but those only 
which are regular, as the cube and the octahedron, have hi- 
therto been found in any considerable number. 

But bodies, when crystallized, do not always appear in the 
primitive form; some of them indeed very seldom affect that 
form; and all of them have a certain latitude and a certain 
number of forms which they assume occasionally as well as 
the primitive form. ‘Thus the primitive form of fluate of lime 
is the octahedron; but that salt is often found crystallized in 
cubes, in rhomboidal dodecahedrons, and in other forms. Alk 
these different forms which a body assumes, the primitive ex~- 


cepted, have been denominated by Hatiy secondary forms. 


Now what is the reason of this latitude in crystallizing ? why 
do bodies assume so often these secondary forms ? 

6. To this it may be answered : 

ist. That these secondary forms are sometimes owing to va- 
riations in the ingredients which compose the integrant par- 
ticles of any particular body. Alum, for instance, crystallizes 
in octahedrons; but when a quantity of alumina is added, it 
crystallizes in cubes; and when there is an excess of alumina, 
it does not crystallize at all. If the proportion of alumina va- 
ries between that which produces octahedrons and what pro- 
duces cubic crystals, the crystals become figures with fourteen 
sides; six of which are parallel to those of the cube, and eight 
to those of the octahedron; and according as the proportions 
approach nearer to those which form cubes or octahedrons, 
the crystals assume more or less of the form of cubes or octa- 
hedrons. What is still more, if a cubic crystal of alum be 
put into a solution that would afford octahedral crystals, it 
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passes into an octahedron: and, on the other hand, an octa- Chap. iv. 
hedral crystal put into a solution that would afford cubic 7 
crystals becomes itself a cube.* Now, how difficult a matter 

it is to proportion the different ingredients with absolute ex- 

actness must appear evident to all. 

2d. The secondary forms are sometimes owing to the sol- mn the sol- 
vent in which the crystals are formed. Thus if common salt Micighdon 
be dissolved in water, and then crystallized, it assumes the 
form of cubes; but when crystallized in urine, it assumes the 
form, not of cubes, but of regular octahedrons. On the other 
hand, muriate of ammonia, when crystallized in water, assumes- 
the octahedral form, but in urine it crystallizes in cubes.t 

3d. But even when the solvent is the same, and the propor-- 
tion of ingredients, as far as can be ascertained, exactly the 
same, still there are a variety of secondary forms which usu- 
ally make their appearance. These secondary forms have » 
been happily explained by the theory of crystallization, for 
which we are indebted to the sagacity of Mr. Hauy; a theory: 
which for its ingenuity, clearness, and importance, must ever~ 
rank high, and which must be considered as one of the great- 
est acquisitions, which mineralogy, and even chemistry, have 
hitherto attained. 

According to this theory, the additional matter which en- 70 the ai- 
yelopes the primitive nucleus consists of thin slices or layers oer sp 
of particles laid one above another upon the faces of that the crystal- 
nucleus, and each layer decreasing in size, in consequence of ee 
the abstraction of one or more rows of integrant particles 
from its edges or angles. 

Let us suppose that ABE G 
(fig. 5) is a cube composed of its 
729 small cubes: each of its 
sides will consist of 81 squares, 
being the external sides of as 
many cubic particles, which to- 
gether constitute the cube. Upon 
ABCD, one of the sides of this 
cube, let us apply a square 
lamina, composed of cubes equal 
to those of which the primitive 
crystal consists, but which has 


* Leblanc, Ann. de Chim. xiv. 149. 
t+ Fourcroy and Vauquelin, Lhid. xiv. 149. 
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outermost layer of the primitive cube. It 
will of course be composed of 49 cubes, 
7 on each side;, so that its lower base 0 n f g 
(fig. 6) will fall exactly on the square marked 
with the same letters in (fig. 5.) 


Above this lamina let us apply a second, 
Lm p wu (fig. 7), composed of 25 cubes; it 
will be situated exactly above the square mark- 
ed with the same letters (fig. 5). Upon this 
second let us apply a third lamina, v x ¥ x (fig. 
8), consisting only of 9 cubes; so that its base 
shall rest upon the letters v a y x (fig. 5). 
Lastly, on the middle square r let us place the 
small cube r (fig. 9), which will represent the 
last lamina. 

it is evident that by this process a quadran- [7] 
gular pyramid has been formed upon the face A B C D (fig. 
5) the base of which is this face, and the vertex the cube r 
(fig. 9.) By continuing the same operation on the other five 
sides of the cube, as many similar pyramids will be formed ; 
which will envelope the cube on every side. 

It is evident, however, that the sides of these pyramids will 
not form continued planes, but that, owing to the gradual di- 
minution of the laminze of the cubes which compose them, 
these sides will resemble the steps of a stair. We can sup- 
pose, however (what must certainly be the case,) that the 
cubes of which the nucleus is formed are exceedingly small, 
almost imperceptible; that therefore a vast number of lamin 
are required to form the pyramids, and consequently that the 
channels which they form are Fig. 10, 
imperceptible. Now DCBE : 0B 
(fig. 10) being the pyramid rest- LL t 
ing upon the face A B C D (fig. 
5), and C B O G (fig. 10) the 
pyramid applied to the next face 5 
B C G H (fig. 5) if we consider 
that every thing is uniform from 
E to O (fig. 10), in the manner 
in which the edges of the amine 
of superposition (as the Abbé 
Hay calls the laminze which F—= Ss 


Fig..9. 
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compose the pyramids) mutually project beyond each other, chap. 1v. 
it will readily be conceived that the face C EB of the first “~~ 
pyramid ought to be exactly in the same plane with the face 

C OB of the adjacent pyramid; and that therefore the two 

faces together will form one rhomb E COB. But all the 

sides of the six pyramids amount to 24 triangles similar to 

C i. B; consequently they will form 12 rhombs, and the fi- 

gure of the whole crystal will be a dodecahedron. 

Thus we see that a body which has the cube for the pri- 
mitive form of its crystals, may have a dodecahedron for its 
secondary form. ‘The formation of secondary crystals, by the 
superposition of laminze gradually decreasing in size, was 
first pointed out by Bergman. But Haiiy has carried the 
subject much further. He has not only ascertained all the 
different ways by which these decrements of the laminze may 
take place, but pointed out the method of calculating all the 
possible variety of secondary forms which can result from a 
given primitive form; and consequently of ascertaining whe- 
ther or not any given crystal can be the secondary forth of a 
given species. 

The decrements of the laminze which cover the primitive 
nucleus in secondary crystals are of four kinds. 

1. Decrements on the edges; that is, on the edges of the rhese of 
slices which correspond with hit edges of the primitive nu- ™ ‘ind 
cleus. 

2. Decrements on the angles; that is to say, parallel to the 
diagonals of the faces of the primitive nucleus. 

3. Intermediate decrements; that is to say, parallel to lines 
situated obliquely between the diagonals and edges of the faces 
of the primitive nucleus. 

4. Mixed decrements. In these the superincumbent slices, 
instead of having only the thickness of one integrant particle, 
have the thickness of two or more integrant particles; and 
the decrement, whether parallel to the capes or angles, consists 
not of the abstraction of one row of particles, but of two or 
more. Hauy denotes these decrements by fractions, in which 
the numerator indicates the number of rows of particles which 
constitutes the decrement, and the denominator represents the 
thickness of the lamin. Thus 2 denotes laminz of the thick- 
ness of three integrant particles, decreasing by two rows of 
particles. 

An example of the first law of decrement, or of decrement 1. Decre- 


ments on 


on the edges, has been given above in the conversion of the the edeent 


122 


Book ITf. 


SOLIDS. 


cubic nucleus to a rhomboidal dodecahedron. In that ex- 


—~— ample the decrement consisted of one row of particles, and it. 


2. Decre- 
ments on 
the angles. 


took place on all the edges. But these decrements may be 
more rapid; instead of one, they may consist of two, three, 
four, or more rows: and instead of taking place on all the 
edges, they may be confined to one or two of them, while no 
decrement at all takes place on the others. Hach of these 
different modifications must produce a different secondary 
crystal. Besides this, the laminae may cease to be added be- 


‘fore they have reached their smallest possible size; the conse- 


quence of which must be a different secondary form. ‘Thus, 
in the example given above, if the superposition of laminze 
had ceased before the pyramids were completed, the crystal 
would have consisted of 18 faces, 6 squares parallel to the 
faces of the primitive nucleus, and 12 hexahedrons parallel to. 
the faces of the secondary dodecahedron. This is the figure 
of the borate of magnesia found at Luneburg. 

The second law in which the decrement 
is on the angles, or parallel to the diagonals 
of the faces of the primitive ae will 
be understood from the following example. 
Let it be proposed to construct around 
the cube A B G F (fig. 1) considered as a 
nucleus, a secondary solid, in which the la- 
minze of superposition shall decrease on all 


sides by single rows of cubes, but in a direc- , Pig, 2 : 
tion par allel to the diagonals. Let ABCD ‘(q- CCT 
(fig. 2,) the superior base of the nucleus, be Soa | 
divided into 81 squares, representing the SHE EERE 


faces of the small cubes of which it is com-  -y}-j;>>-} 
posed. Fig. 3 represents the superior sur- | 
face of the first lamina of superposition, 
which must be placed above A BC D 
(fig. 2) in such a manner, that the points 
a’, b’, c’, d’, (fig. 3) answer to the points 
a, b, ¢, d, (fig. 2). By this disposition a 
the squares A a, Bb, Cc, Dd, (fig. 2) i 

which compose the four outermost rows [|i 
of squares parallel to the diagonals 
AC, BD, remain uncovered. It is 
evident also, that the borders QV, ON, 
IL, GFP, (fig. 3) project by one range beyond the borders 
AB, AD, CD, BC (fig. 2), which is necessary, that. the 
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nucleus may be enveloped towards these edges. For if this chap. rv. 
were not the case, re-entering angles would be formed towards heen roe 


the parts A B, BC, C D, D A of the crystal; which angles 
appear to be excluded by the laws which determine the forma- 
tion of simple crystals, or, which comes to the same thing, 
no such angles are ever observed in any crystal. ‘The solid 
must increase, then, in those parts to which the decrement 
does not extend. But as this decrement is alone sufficient to 
determine the form of the secondary crystal, we may set aside 
all the other variations which intervene only in a subsidiary 
manner, except when it is wished, as in the present case, to 


construct artificially a solid representation of a crystal, and to | 


exhibit all the details which relate to its structure. 


The superior face of the second Vig. 4, 
Jamina will be A’ G’ L’ K’ (fig. 4). x 
It must be placed so that the points Fd ST 
a’ b” ¢ ad” correspond to the points iiepar rts a 
ad b’ cd’ (fig. 3,) which will leave eH 
uncovered a second row of cubes at ¢COC Cee Cees 
each angle, parallel to the diagonals eH 
A Cand BD. The solid still in- Lig 
creases towards the sides. ‘The large ¢ ae ; 
faces of the laminze of superposition, £ 


which in fig. 8 were octagons, in fig. 4 
arrive at that of a. square; and when 
they pass that term they decrease on all 
sides; so that the next lamina has for its 
superior ‘face the square R’ M’ L’ S’ g 
(fig. 5), less by one range in every direc- 
tion than the preceding lamina (fig. 4). 
This square must be placed so that, the 
points e’, f’, 9’, h’ (fig. 5) correspond to 
the points e, f, g, h (fig. 4). Figures 6, 7, 8, 
and 9, represent the four lamine which 
ought to rise successively above the preced- = 
ing; the manner of placing them being Cesena sed 
pointed out by corresponding letters, as was 
done with respect to the three first laminee. Ale 
The last lamina x’ (fig. 10) is a single cube, #'~ chips 
which ought to be placed upon the square x LJ 


(fig. 9). 
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€rements. 
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duce four faces, which correspond to the points 
A, B, C, D, and form a pyramid. These faces 
having been formed by laminz, which began 
by increasing, and afterwards decreased, must be 
quadrilaterals of the figure represented in fig. 11; 
in which the inferior angle C is the same point 
with the angle C of the nucleus (fig. 1 and 2); and 
the diagonal L Q represents L’ G’ of the lamina 
A’ G’ L’ K’ (fig. 4). And as the number of laminz fig. 9, 
composing the triangle L Q C (fig. 11) is much 
smaller than that of the laminze forming the triangle 
Z LQ, it is evident that the latter triangle will have 
a much greater height than the former. 

The surface, then, of the secondary crystal, thus 


Fig. 10. 
| 2 


produced, must evidently consist of 24 quad- Fig. 11. 
L 


rilaterals (for pyramids are raised on the other 
five sides of the primary cube exactly in the 
same manner), disposed three and three around 
each solid angle of the nucleus. But in con- 
sequence of the decrement by one range, the 
three quadrilaterals which belong to each solid 
angle, as C (fig. 1), will be in the same plane, 
and will form an equilateral triangle Z I N 
(fig. 12). The 24 quadrilaterals, then, 
will produce eight equilateral triangles ; 
and consequently the secondary crystals 
will be a regular octahedron. This is the 
structure of the octahedral sulphuret of 
lead and of muriate of soda. 

The third law is occasioned by the ab- 
straction of double, triple, &c. particles. Vig. 13. 
Fig. 13 exhibits an instance of the sub- Lr LN > 
tractions in question; and it is seen that ~Y“ YY WY 
the moleculze which compose the range represented by that 
figure are assorted in such a manner as if of two there were 
formed only one; so that we need only to conceive the crys- 
tal composed of parallelopipedons having their bases equal to 
the small rectangles abcd, ed fg, hgil, &c. to reduce 
this case under that of the common decrements on the angles. 

This particular decrement, as well as the fourth law, which 
requires no farther explanation, is uncommon. Indeed 


t 
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Hauy has only met with mixed decrements in some metallic chap. 1v. 


crystals. — 

These different laws of decrement account for all the differ- 
ent forms of secondary crystals. But in order to see the vast 
number of secondary forms which may result from them, it is 
necessary to attend to the different modifications which result 
from their acting separately or together. These modifications 
may be reduced to seven. 


1. The decrements take place sometimes on all the edges, soaifica- 


or all the angles, at once. 

2. Sometimes only on certain edges, or certain angles. 

3. Sometimes they are uniform, and consist of one, two, o 
more rows. | 

4, Sometimes they vary from one edge to another, or from 
one angle to another. 

5. Sometimes decrements on the edges and angles take 
place at the same time. 

6. Sometimes the same edge or angle is subjected succes- 
sively to different laws of decrement. 

7. Sometimes the secondary crystal has faces parallel to 
those of the primitive nucleus, from the superposition of la- 
mine not going beyond a certain extent. 

Hence Mr. Hauy has divided secondary forms into two 
kinds, namely, simple and compound. Simple secondary crys- 
tals are those which result from a single law of decrement, 
and which entirely conceal the primitive nucleus. Compound 
secondary crystals are those which result from several laws of 
decrement at once, or from a single law which has not reached 
its limit, and which of course has left in the secondary crystal 
faces parallel to those of the primitive nucleus. 

Such is a general view of Hauy’s theory of crystallization, 
which has led already to several very important discoveries in 


mineralogy, and may be expected to lead to still more impor- © 


tant ones hereafter. : The evidence for its truth is the com- 
plete manner in which it explains the phenomena, and the 
exact coincidence of matter of fact, in every instance, with the 
result of calculation. But as it cannot be shown that the 
secondary forms are actually crystallized according to the 
theory, we must consider it in the light of a mathematical hy- 
_ pothesis; an hypothesis, however, of very great importance, 
because it serves to link together a vast number of otherwise 
unconnected facts; because it enables us to subject all the 
forms of crystals to calculation; and because it puts it in our 


tions to 

which these 
decrements 
are subject. 
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—\— tainty, from an accurate examination of the figure of its crys- 
tals. Such hypotheses may be considered as the clues which 
lead us through the otherwise impenetrable mazes of error, 
and conduct us at last, though after a tedious journey, to the 
goal of certainty and truth. 


SECT. IIT. 
OF THE COMBINATION OF SOLIDS WITH EACH OTHER. 


1. Tue following table exhibits a list of the principal solids, 
arranged according to their composition: 


I. UNDECOMPOUNDED. 


Sulphur. Carbon. Metals. 


Phosphorus. Boron. 


II. COMPOUNDS. 


1. Charcoal. 
Metallic oxides. 

2. Sulphurets of metals. 

Sulphuretted oxides. 

Phosphurets of carbon. 
metals. 
oxides. 

4, Carburets of iron. 

5. Alloys. 

6. Solid acids. 

ri 

8 


os 


Oxides with oxides. 
Salts and hydrosulphurets. 
Metallic oxides with alkalies. 
9. Bitumens, solid oils, tannin. 
10. Soaps. 
11. Most vegetable substances. 
12. Many animal substances. 


Their numbers are very great; for if all the individuals 
were reckoned they would amount to many thousands. 
Specific 2. Their specific gravity varies more than either that of 
sem’ liquids or elastic fluids, as will appear from the following table 
in which they are arranged according to their density. 


Sey ee cn 


COMBINATION OF SOLIDS WITH EACH OTHER. | (127 


Specific gravity. Chap. IV. 

Charcoals ...4...060.600... 0°223 to 1°526 
Vegetable bodies............ 0°240 to 1354 
ON | CE emp pet sibs ider hee dua ORS IS tons7V7G 
Paring set, Ns LL wwe bined Otek sto 4' 842 
SESH) AOE SIIe os we aver Cio es on! A bGe ton S199 1 
Barthsiwith earths yas. ts 0°680 to 4°815 
Bitumens and solid oils ...... 0°892 to 1°357 
Fixed alkalies........ A) Pree 1°336 to 1°708 
PUGSPOTHS sareidin no winseisin « aera aren, — 
Carburets:of 10m. eerie: 6's oo 7840 
PTE eaten cits Gd Sai Ps 1990 — 
Earths one alkalies . asim ae OR a Heys Be BO 
Carb oridnd aia ie Cees tye ORT. toi Br5S1 
Metallic sulphurets.......... 3°225 to 10°000 
Metals and alloys......... .. 0°600 to 21°65 


The specific gravity of hammered platinum, which is the 
heaviest of the solid bodies, is nearly 100 times greater than _ 
that of common cork, which is one of the lightest. 

3. Solid bodies, as far as regards their combinations with . 
each other, may be divided into three classes: namely, those 
which unite in any proportion; those which unite in certain 
determinate proportions; and those which cannot be made to 
combine with each other at all.. Let us examine the action of 
each of these classes separately. 

I. The action of solids upon each other has been so imper- solids that 
fectly examined, that it is not possible to give more than ape 
partial view of the subject. The following table comprehends 
the principal solids hitherto ascertained to be capable of unit- 
ing in any proportion. 

Sulphur with phosphorus. 

. Carbon with iron ? 

Metals with most metals. 

. Protoxide of antimony with sulphuret of antimony. 
Earths with earths. 

. Earths with some metallic oxides. 

. Some earths with fixed alkalies. 

. Solid oils with each other, and with Gerber 

All the products produced by these mutual combinations are 
‘solids, except those formed by the union of sulphur and phos- 
phorus in certain proportions, which are liquid. 

1. As far as is known at present, none of the solids con- 
tained in the preceding list combine spontaneously, even 
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Solids that 
unite only 
in certain 
proportions. 


One of the 
bodies must 
be fluid. 


SOLIDS. 


though placed in contact. The cohesion of their particles, 
presents a resisting force which their affinity for each other can- 
not overcome. The usual method employed is, to mix the 
two substances to be united in the intended proportions, and 
to apply a degree of heat capable of melting one or both of 
them. Thus they are enabled to act upon each other in the 
same way as liquids, and of course the same explanation ap- 
plies to their combinations. ‘These combinations obviously 
belong to that class which have been distinguished by the 
name of dissolutions, and accordingly do not differ much in 
their properties from their constituents, except the compounds 
of carbon and iron, and some of the earths with each other, 
which possibly may be found hereafter to belong to that class 
of solids which combine only in certain proportions. 

2. The combination is usually accompanied by a change of 
density. This is most apparent in the metallic alloys, most of 
which are either above or below the mean. 

II. The following table exhibits the principal solids which 
have hitherto been observed to unite only in determinate 
proportions. 

Sulphur with metals. 

some metallic oxides. 
earths. 
~ fixed alkalies. 
Phosphorus with carbon. “ 
metals. | 
some earths 
Acids with alkalies. 
earths. 
metallic oxides, &c. 
These combinations are more intimate than the preceding; 
they have been more closely examined, and are better known. 

1. As far as is known at present, none of these bodies act 
upon each other while both continue in the solid state, except 
sulphur and the fixed alkaline hydrates, some acids, and a few 
hydrates of metallic oxides, and perhaps some of the acids 
and the fixed alkaline hydrates. With these exceptions, it 
may be laid down as a general rule, that in all cases of the 
combination of these bodies with each other, one at least of 
the two which combine must have its cohesion destroyed, or 
at least diminished, by being reduced to a liquid state. Now 
there are two ways of bringing these solids to this state: 
1. Fusion by means of fire. In this way sulphur is made to 
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combine with metals, earths, and fixed alkalies, and phos- Chap. rv. 
phorus with metals. Sometimes the affinity is ‘so weak, that ~~~ 
it is necessary, in the first place, to reduce one of the consti- — 
tuents to the state of vapour. Thus phosphorus combines 

with lime, barytes, and strontian, only at ared heat. 2. So- 

lution in water or some other liquid menstruum. In this way 

the acids are combined with the alkalies, earths, and metallic 

oxides, and in this way may sulphur and phosphorus be com- 

bined with metals. 

2. As the union of these bodies with each other resembles 
that of liquids with solids in every respect, it would be un- 
necessary, after the details contained in the preceding chapter, 
to enter into any farther particulars respecting the theory of 
the combination, The points of most importance are, the 
proportions in which they unite, and the change of density 
which they undergo. 

3. Though the combinations of sulphur with the metals sulphur 
have been examined with very particular attention by chemists, ih fh 
there are many things connected with them that require eluci- 
dation. Mr. Berthollet is still of opinion that sulphur is ca- 
pable of uniting indefinitely to the metals, and he has brought 
a number of examples of native sulphurets of lead, copper, 
and iron, analysed by the most accurate chemists, in which 
the: proportion of sulphur varied indefinitely.* It is very 
likely that various doses of sulphur are capable of uniting. 
with most metals: but the experiments hitherto made upon 
the artificial union of these bodies do not warrant us to con- 
clude that they unite indefinitely; for when sulphur and a 
metal are fused together, we obtain always the two bodies 
combined in determinate proportions. As far as we know at 
present sulphur combines only in two proportions with metallic 
bodies. One atom of metal is capable of uniting with 1 atom 
of sulphur, and in some cases with 2 atoms. This will be 
seen by inspecting the table of sulphurets given in vol. i. 

p. 545, of this work. | 
4,-Almost all the metallic sulphurets are rarer than the Sulphurets 
mean. ‘The substances of course expand during their com- 7" 
bination. In most cases this expansion is considerable, as 
_ will appear from the following table. The first column gives. 
the real density of the compounds; the second the mean 
_ density, calculated on the supposition that no change of bulk 
_ had taken place by the combination. 
* Jour. de Phys. Ix, 349. 
VOL. IIT, K 
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Real Calculated 
Sulphurets of density. density. 


Silver ovevee 72 @eeoeoetoe @ @ 9°22 
Mercury ....10° levee wes oh eaen 


Tron, Ist .... 45518 ...ceeeeee 562 
pls I AE GS BO NS PIR le Gees 
Lead ......+ 7° ao 
Bismuth 2... 6°13] wee. cees. 8°65 
Antimony.... 4°368 .........+ 5°53 
Arsenic, Ust- 2's .3,225).0 inet to 
~ 2d... 5315 cat te ania aa 
Molybdenum 4°73 .....2052. 5°97 

In some of these examples the expansion is more than a 
fifth of the whole. Pyrites is the only instance known of a 
combination of sulphur and a metal, the specific gravity of 
which is greater than the mean. 

5. The remaining compounds into which sulphur enters 
with solid bodies have not been sufficiently examined to admit 
of any additional observations. Neither do we know any 
thing precise respecting the combinations of phosphorus and 
solid bodies. 

6. The case is very different with the acids; the compounds 
which they form with the alkalies, earths, and metallic oxides, 
have been examined with much attention, and have fur- 
nished chemists with most of the opinions which they 
entertain respecting affinity. The great facility with which 
these compounds are formed, the striking difference between 
their properties and those of their constituents, and the 
beautiful forms which many of them assume, were circumstances 
which excited the general interest of chemists. 

+. Ifwe take a given quantity of sulphuric acid diluted 
with water, and add to it slowly a solution of soda by little 
at a time, and examine the mixture after every addition, we 
shall find that for a considerable time it will exhibit the pro- 
perties of an acid, reddening vegetable blues, and having a 
taste perceptibly sour: but these acid properties oradually 
diminish after every addition of the alkaline solution, and at 
last disappear altogether. If we still continue to add the soda, 
the mixture gradually acquires alkaline properties, converting 
regetable blues to green, and manifesting an urinous taste. 
These properties become stronger and stronger the greater 
the quantity of soda is which is added. ‘Thus it appears 
that when sulphuric acid and soda’are mixed together, the 
properties either of the one or the other preponderate ac- 
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cording to the proportions of each; but there are certain chap. 1. 


proportions, according to which, when they are combined, 
they mutually destroy or disguise the properties of each 
other, so that neither predominates, or rather so that both 
disappear. : | 

When substances thus mutually disguise each other’s pro- 
perties, they are said to neutralize one another. This pro- 
perty is common to a great number of bodies; but it mani- 
fests itself most strongly, and was first observed, in the acids, 
alkalies, and earths. Hence the salts which are combinations 
of these different bodies received long ago the name of 
neutral salts. When bodies are combined in the proportion 
which produces neutralization, they are often said to be satu- 
rated; but in this case the term is used improperly. It would 
be much better to confine the word saturation to the meaning as- 
signed it in a former section, and to employ the term neutraliza- 
tion to denote the state in which the peculiar properties of 
the component parts mutually disappear; for very frequently 
neutralization and saturation by no means coincide. Thus in 
tartrate of potash the acid and alkali neutralize each other: yet 
it cannot be said that the potash is saturated; for it is still 
capable of combining with more tartaric acid, and of forming 
supertartrate of potash, a compound in which the ingredients 
do not neutralize each .other; for the salt has manifestly a 
preponderance of the properties of the acid. 

8. It cannot but be obvious, that the same quantity of acid 
or alkali must be always employed to neutralize a given weight 
of alkali or acid; and that, therefore, the proportion in which 
these bodies unite to form neutral salts is fixed and deter- 
mined. ‘The acids and alkaline bases, indeed, may be ca-. 
pable of uniting with each other in various proportions; but 
the neutral combination must be constant: it must likewise 
be the most intimate. In general neutral salts are composed 
of 1 atom of acid united to 1 atom of base. In the carbonates, 
however, the alkaline base, though combined with an atom of 
acid, still continues to act as an alkali upon vegetable blues. 
Many bases are capable of combining with 2 atoms of acid ; 
and sometimes with 4 atoms. Thus potash forms oxalate, 
binoxalate, and quadroxalate of potash. It forms likewise 
sulphate and bisulphate of potash. Sometimes an acid com- 
bines with 2 atoms of the base. Thus boracic acid unites 
with 2 atoms of soda, forming subborate of soda. Perhaps it 
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Book 1. would be most: accurate to denominate such compounds by 
prefixing the syllables swhbi. In that case common: borax 
will be denominated subbiborate of soda. 


CHAP. V. 
OF COMBINATION AND DECOMPOSITION. 


Importance = TF. great object of all chemical investigations 1s to sepa- 

of a know- - : i ; 

leave of | Yate bodies from each other which are chemically combined. 

combination But it is scarcely ever possible to separate a body from one 

position. substance without at the same time uniting it to another. 
Hence decomposition is almost always accompanied by combi- 
nation. Every chemical analysis consists of a certain number 
of combinations and decompositions following each other in a 
regular order, and leading to the object desired, the know- 
ledge of the constituents of the substance examined. It is 
accomplished by putting each constituent of the substance in 
succession into such a state of combination, that it shall not 
be acted upon nor dissolved by a given menstruum, which 
dissolves all the other constituents not already separated. But 
this cannot be done unless we are acquainted with the pro- 
per combinations, the method of forming them, and the re- 
quisite menstrua. Hence it is an accurate knowledge of the 
combinations which different substances are capable of form- 
ing, of the bodies best calculated for separating the consti- 
tuents of compounds from each other, and of the peculiar — 
solvent of each compound, which constitute the essential 
requisites for the practical chemist. In the three preceding 
chapters we took a particular view of the mutual action of all 
the different chemical substances on each other, of the com- 
pounds which they form, and the various decompositions 
which they produce. In this chapter we shall take a general 
view of the subject. Three things claim our particular at- 
tention: namely, 1. The proportions in which bodies com- 
bine; 2. The order in which they decompose one another ; 
and, 3. The way in which they separate from each other. 
Sometimes one of the ingredients assumes the form of gas or 
vapour ; it is then said to be volatilixed or evaporated: some- 
times it falls to the bottom of the liquid compound, and is 
then said to be precipitated. These topics shall be considered 


in the following sections. 
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We have seen, in the preceding chapters, that there are a chap. v. 


variety of bodies which do not unite with each other; but 
that by far the greater number are capable of entering into 


combination, and of forming new compounds. These new Compounds 
° e e i ft ki d : 
compounds may be divided into two classes. Some differ but *“°*"™ 


little in their properties from the constituents of which they 
are composed, while others assume properties that are ex- 
tremely different. So little, indeed, are the first set altered 
by combination, that some persons have denied the combina-~ 
tion altogether, and have supposed the bodies to be only me- 
chanically mixed. 


1. To the first set belong all those combinations which, after pissotutions 


Berthollet, we have denominated dissolutions. I dissolutions, 
all the substances combining are sometimes in the same state. 
The mixed liquids, metallic alloys, and a few other solid com- 
pounds, comprehend the whole of such bodies. In them the 
proportions of all the constituents of the compound may vary 
indefinitely ; or substances in the same state are capable of 
dissolving any proportion of each other. 

The bodies dissolving each other are sometimes in different 
states. Water and many other liquids dissolve all the gases; 
and all the gases dissolve water and several other liquids, 
Water, &c. dissolve various solids, and many solids combine 
with water. In all these dissolutions there is a maximum 
quantity of one of the ingredients; and if it be exceeded, the 
surplus (supposing the quantity of the other ingredient fixed) 
will not be dissolved. When gases are dissolved in liquids, a 
given bulk of liquid. can dissolve only a determinate portion 
ofeach gas. In like manner, a gas can dissolve only a deter- 
minate bulk of liquid. When a solid combines with a liquid, 
it can take up only a determinate weight of it, provided it be 
not capable of assuming the liquid state; for every hydrate 
cau contain only a determinate weight of water. When a 
liquid dissolves a solid, it takes up only a determinate quan- 
tity, and then loses the whole of its action on the remainder. 
Thus it appears, that when substances in different states dis- 
solve one another, each of them has a maximum and a minimum 
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Book 11. quantity; but within these limits they are capable of dissolv- 
ing each other in any proportions whatever. 

Some liquids, whose cohesion or state differs very much, 
though in the same state, are capable of dissolving each other 
only in certain proportions. ‘Thus water dissolves only th 
of its weight of ether. Such liquids resemble substances in 
different states, and therefore follow the same law with regard 
to their mutual solutions. 

er a. Those bodies which form compounds differing very much 
i... from their constituents, have been more usually considered 
as chemical combinations, to the exclusion of the former. In 
all of them there is an obvious tendency to combine only in 
determinate proportions; and in the most striking examples 
these proportions are very few. 
They com. The gases unite only in one, two, or at most three propor- 
tain propos. Hons ; and it is very seldom that we can unite them directly 
tions only. jn more than one. Thus oxygen and hydrogen, hydrogen 
and azote, unite only in one proportion. Oxygen and azote 
unite in five proportions; but we can unite them directly in 
only one. The other combinations are obtained by decom- 
posing the compound formed directly. 

In like manner, the combination of a gaseous and solid body 
is limited to certain proportions. Oxygen unites with carbon 
in two, and with phosphorus and sulphur in three proportions; 
but we seldom can unite them directly in more than one. 
With metals, also, it unites usually in a small number of 
proportions. Hydrogen unites with two proportion of car- 
bon, and probably with the same proportions of phosphorus 
and sulphur. 

When the substances that enter into combination are more 
than two, the proportions frequently increase in number; and 
indeed in many cases baffle our attempts to trace them. Thus 
azote, carbon, hydrogen, and oxygen, are almost the only 
elements out of which all the immense variety of animal and 
vegetable substances are formed. But from each of these 
substances always affecting the same properties, there is reason 
to believe, that even in these complicated cases, the proportions 
are not absolutely unlimited, but fixed and determinate, as in 
the more simple cases which we are able to examine; for if 
it were not so, no two animal or vegetable bodies could be 
expected to possess precisely the same properties. 

There are no liquid bodies, strictly so called, that enter 
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into the intimate combination which we are now considering. Chap. v. 


All their combinations belong to the class of dissolutions. 
The solid bodies which combine intimately appear at first 
sight to be capable of varying their proportions almost with- 
out limit. ‘Thus we may melt together any proportion of 
sulphur with antimony, iron, or potash: we may add any 
proportion of liquid ammonia to nitric acid: But in all these 
cases the combination is not, strictly speaking, entitled to be 
ranked among those intimate ones which we are considering, 
unless we limit the quantity of each ingredient to certain de- 
terminate proportions. If the proportions be unlimited, the 
combination belongs to the class of dissolutions; the proper- 
ties of the predominating constituent remaining unimpaired 
and unaltered. Whenever the combination is intimate, and 
the properties of the constituents concealed, then the pro- 
portions are not only limited, but in most cases do not exceed 
one or two. Thus, to constitute neutral salts, we must com- 
bine the acid and the base in one determinate proportion. 
Thus we have found reason to conclude, that in cases of 
chemical dissolution, the ingredients unite in any proportion 
whatever, except when the proportion of one of the ingredients 
is limited by the difference of its state from that of its solvent; 


as, for example, when the solvent is liquid, and the substance _ 


dissolved gaseous or solid. But in cases of chemical combi- 
nation, the ingredients affect determinate proportions: pro- 
portions which probably depend on the tendency which bo- 
dies have to combine atom to atom, or one atom of one with 
a determinate number of atoms of another. 


SECT. IT. 


OF DECOMPOSITION. 


Ir into a solution of nitrate of silver we drop a quantity of — 


liquid potash, a portion of the metallic oxide immediately se- 


parates from the solution, and falls to the bottom. Thus pot- Exampies 


ash has the property of decomposing nitrate of silver by se- 
parating the oxide. The same experiment succeeds if we drop 
soda into a solution of sulphate of magnesia. The magnesia 
separates from the acid and falls to the bottom, while the soda 
takes its place. Just the reverse happens if barytes water be 


of decompo- 
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poured into a solution of sulphate of soda. The barytes and 
sulphuric acid separate in combination, while the soda remains 
in solution. We obtain the same result when we pour muri- 
atic acid into nitrate of silver. The muriatic acid and the 
oxide of silver separate together, leaving the nitric acid. When 
muriate of barytes is mixed with sulphate of soda, the sul- 
pburic acid and the barytes unite together, and separate from 
the solution, while the muriatic acid and soda, also combined 
together, remain dissolved. The same thing happens when 
oxalate of ammonia is mixed with nitrate of lime. The oxa- 
lic acid and lime separate in combination, while the nitric acid 
and the ammonia remain in solution. 

Thus it appears that substances have the property of sepa- 
rating others from compounds of which they form a constitu- 
ent. Now the great object of chemists is, to find a body x, 
capable of separating a body a from another body 6. It is by 
this means that chemical analyses are effected. He accordingly, 
who is able to resolve the problem in the greatest variety of 
cases, is the most skilful practical chemist. 

Chemists, at a very early period of the science, began to col- 
lect examples of these decompositions, and to endeavour to 
explain them. Mayow seems to have been one of the first who 
viewed the subject in the proper light. He has left a disser- 
tation on the combination of the acids and bases, and of their 
decompositions, in which a considerable number of facts are 
stated with accuracy, though the imperfect knowledge of the 
substances frequently misled him in his explanations.* In 
1718, Geoffroy thought of arranging the substances in a table, 
in the order in which they separate one another from a given 
body. ‘This table was afterwards corrected and enlarged by 
different chemists, especially by Gellert and Limburg. But it 
was Bergman who first reduced the doctrine of decomposition 
to regular order, gave a luminous and satisfactory theory, ex- 
hibited a complete series of tables, and explained the anoma- 
lies or apparent exceptions to his theory, which had been 
pointed out by the experiments of Baumé, Marherr, and other 
chemists. His dissertation was first published in 1775, and 
afterwards in a more perfect form in 1783. The opinions 
adopted by this illustrious philosopher were universally ac- 
ceded to, and, till within these few years, chemists considered 


* Mayow, Tract. I. c. xiv. p: 232. De Salium Congressu et Precipitatione. 
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them as the basis of the whole science, and were anxious only Chap. v. 


to fill up the chasms which he had left. 

Berthollet, about the commencement of the present century, 
advanced an opinion very different from that of Bergman. 
Affinity, according to him, always produces combination, and 
decomposition when it takes place must be ascribed to cohe- 
sion, elasticity, or some similar power, which tends to cause 
some of the constituents to separate from the rest. I think that 
Berthollet has succeeded in overturning all our pre-conceived 
opinions on the subject, but he has not been so successful in 
establishing his own. 

As the tables of affinities (as they have been called) have 
been thus demonstrated not to indicate the real order of affi- 
nities, and as the decompositions on which they are founded 
are often illusory, and seldom complete, the tables themselves 
must be considered as of little value, and as tending, in most 
cases, rather to mislead than to convey accurate information. 
For that reason I have omitted them in the preceding part of 
this work.* 


Tables of decompositions, indeed, even though only partial, Tabtes of 


would be of value, provided they could be constructed; but 
unfortunately it is only in a limited number of cases that we 
can ascertain the order in which bodies decompose each other : 
in most cases we must be contented with analogy. The follow- 
ing tables are constructed, partly from the order of decompo- 
sition, and partly from the order of combination, when two 
bodies are presented at once to a third. They are of some 
value in a practical point of view, though they throw but little 
light on the strength of affinity. | 


\ 


I. OXYGEN, 


1. Hydrogen 4. Phosphorus 7. Chlorine. 
2. Carbon 5. Sulphur | 
3. Boron 6. Azote 


All these bodies unite to oxygen (if we consider the facility in 
all circumstances) nearly in the order of the table. None of 
them are capable of decomposing water, unless carbon be an 
exception. Charcoal decomposes water at a red heat; but 
hydrogen, in its turn, decomposes carbonic acid at the same 
temperature. ‘Thus the power of decomposition is reciprocal : 


* I'shall place the most important part of Bergman’s Table at the end of 
this chapter, as it is frequently referred to, 


decompo- 
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but I place hydrogen first, because, when carburetted hydro- 
gen is mixed with an under proportion of oxygen, and fired 
by means of electricity, the hydrogen combines with the oxy- 
gen in preference to the carbon. Charcoal decomposes phos- 
phoric acid at a red heat, and phosphorus decomposes carbo- 
nic acid at the same temperature; but I place carbon first, be- 
cause the phosphorus. does not seem capable of decomposing 
water like charcoal, and because its action on carbonic acid 
requires to be facilitated by the presence of a base. Sulphur 
does not seem to be capable of decomposing phosphoric acid, 
but phosphorus acts to a certain extent upon sulphuric. Sul- 
phur is known to decompose nitric acid, at least partially ; but 
azote has no sensible action on sulphuric acid. ‘Though chlo- 
rine be placed last in order, it is known to be capable of sepa- 
rating a certain portion of oxygen from nitric acid; but ni- 
trous gas when assisted by moisture converts chlorine into mu- 
riatic acid. Such are the reasons for placing the simple com- 
bustibles and incombustibles in the order of the preceding table. 


1I, OXYGEN AND ACID SOLUTIONS. 


1. Zine 6. Lead 11. Adlai Rhodium 
2. Iron 7. Bismuth Iridium, Osmium 
3. ‘Tin 8. Copper 12. Silver 

4 Antimony 9. Platinum 13. Gold. 

5. Arsenic 10. Mercury 


This table exhibits the order in which the metals precipitate 
each other in the metallic state from acid and alkaline solu- 
tions. Zinc and iron throw down all the metals below them, 
either in the metallic state, or in the state of a black powder, 
as happens to antimony, arsenic, bismuth, and the four new 
metals discovered in crude platina. Ritter has announced 
that these black powders are combinations of the metals with 
hydrogen. ‘This assertion deserves to be verified. It would 
be of considerable importance, in explaining the nature of the 
precipitation, if it were to prove true. I am not certain whe- 
ther antimony and arsenic precipitate the metals below them, 
but they are acted on more speedily by tin than either lead or 
copper. Lead precipitates copper. Bismuth and platinum 
are inserted only from analogy. Copper throws down mer- 
cury, and mercury silver and gold. 

Mr. Sylvester has rendered it very probable that these pre- 
cipitations are occasioned by the galvanic action of metals on 
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each other. It has been shown by Volta, that metals differ in chap. v. 


the avidity with which they absorb electricity; and that when 
two metals are placed in contact and separated, the one be- 
comes plus, and the other mznus electrified. In this respect 
they may be arranged ina regular series, zinc being at the one 
extremity, and gold at the other; all the metals which precede 
having the property of changing to minus the electricity of all 
the metals below them. Now, when metals are in different 
states of electricity, it has been shown, that when placed pro- 
perly they decompose water, and produce all the other pheno- 
mena of galvanism. Mr. Sylvester has rendered it extremely 
probable, that it is the hydrogen evolved that produces the re- 
duction of the metal.* If this opinion be correct, the order 
in which the metals precipitate each other ought to be precisely 
that of their tendency to take electricity from each other. 

Were we to endeavour to unite the two preceding tables into 
one, these observations would indicate that hydrogen ought 
to be placed immediately after tin. Yet from the experiments 
of Priestley, we know that hydrogen is capable of reducing 
oxide of iron to the metallic state. Charcoal likewise decom- 
poses the oxides of all metals; but, on the other hand, the 
oxides of zinc, iron, tin, and some others, have the property 
of decomposing carbonic acid. Phosphorus precipitates all 
the metals below lead, and perhaps even some above it. Even 
sulphur reduces most metallic oxides; but many of them in 
return decompose sulphuric acid when assisted by heat. Hence 
the relative places of the simple combustibles and incombus- 
tibles cannot well be ascertained. Probably we shall not err 
far if we place hydrogen after tin, carbon after antimony, phos- 
phorus after lead, sulphur after copper, and azote and chlorine 
after mercury. Were we to complete the table from analogy, 
the refractory metals and manganese would be placed before 
zine, and nickel just before platinum: But such analogies are 
very apt to mislead. 


III. ACID SOLUTIONS. 


1. Protoxide of iron 5. Oxide of manganese 
2. Peroxide of silver 6. Oxide of lead ? 

3. Red oxide of mercury 7. Peroxide of copper 
4, Oxide of zinc 8. Peroxide of iron. 


‘This table exhibits the order in which the metallic oxides pre- 


* Nicholson’s Jour. xiv. 94. 
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Book If. cipitate each other from those acid solutions in which they are 
respectively soluble. It was drawn up from the experiments 
of Gay-Lussac. The relative order of several of the oxides — 
is not quite certain, but they all precipitate peroxide of iron, | 
and most of them peroxide of copper: while this last throws — 
down peroxide of iron.* 


Iv. ACID SOLUTIONS. 


Bases from 1. Fixed alkalies 5. Ammonia 8. Zirconia 

nik 2. Barytes 6. Magnesia 9. Alumina 
3. Strontian Yttria 10. Metallic oxides. . 
4, Lime i: ee 


This table represents the general order in which the bases pre-_ 
cipitate each other from saline solutions; but there are many _ 
exceptions. Berthollet has even made it probable, that the 
order of precipitation varies with the proportion of the ingre- 
dients used. He has demonstrated, that the precipitation is 
rarely or never complete; that the bases divide the acid sol- 
vent between them in proportion to their relative quantities, 
and to the quantity of each necessary to neutralize the acid. 
It is obvious that all those cases must be excepted, in which 
the acid and base or precipitant form an insoluble compound, 
because then they precipitate in combination. I place the 
fixed alkalies first, because, when muriate of barytes is dropped 
into potash so pure that it occasions no muddiness in barytes 
or lime water, a flaky precipitate constantly appears. No dif 
ference can be perceived in the action of potash and soda in 
this respect. These alkalies do not precipitate one another, 
Potash is placed first in the tables of Bergman, merely because 
it forms with acids less soluble salts than soda; and therefore 
(as Berthollet has shown), when a saline solution containing 
the two alkalies is evaporated, the salts of potash crystallize 
first. It has not been proved that barytes precipitates stron- 
tian and lime; even if it did, it could never, with propriety, 
be used as a precipitant of them. It is known that ammonia 
never occasions a precipitate in the solutions of the three alka- 
line earths that precede it in the table; but it precipitates all 
the bodies that follow it, if we except those metallic oxides 
which it is capable of holding in solution. 
How far magnesia is capable of precipitating the earths 
placed below it in the table has not been examined ; but it is 


* Ann. de Chim. xlix. 21. 
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probable that it is, as it! is capable of forming neutral salts with 
acids, which is not the case with them. The marked attrac- 
tion which magnesia shows for alumina would perhaps prevent 
it from taking the place of alumina; it would probably com- 
bine and form with it a substance insoluble nearly in potash. 
Zirconia is placed merely from analogy. Alumina is probably 
thrown down, at least partially, by glucina, which forms with 
acids a salt approaching more nearly to neutralization. Se- 
veral of the metallic oxides precipitate ammonia; but the re- 
lative power of the substances placed in the table below am- 
monia is not of much importance, as they cannot well be em- 
ployed, except indirectly, as precipitants. 


The acids do not precipitate each other from bases; there- Acids do 


fore no table can be given of them. Many of them have the 


not precipie 
tate each 


property of forming with bases insoluble compounds. Such 


acids separate bases from other acids, and precipitate with 
them. It was from this circumstance that Bergman arranged 
the acids in his tables ; but Berthollet has shown that the order 
is in many cases hypothetical, and that the nature of the pre- 
cipitates varies with the proportion. 

I shall now give a table of those substances which have the 
property of separating bodies either partially or completely 
from solutions, and which therefore are employed by chemists 
to ascertain the presence of the respective bodies, or to deter- 
mine their quantity. Such a table can comprehend only the 
alkalies, earths, metallic oxides, acids, and a few other com- 
pound bodies. The simple substances are in general too inti- 
mately combined to admit of separation by such means. 


V. GENERAL TABLE OF PRECIPITANTS. 


1. Alkalies. Precipitants, 
Potash .....-.. Jartaric acid 


SEN RO aE POS: 8 


Ammonia...... Fixed alkalies. 


There are no substances known capable of precipitating the 
fixed alkalies. They are detected by separating other sub- 
stances from them, combining them with acids, and ascertain- 
ing the properties of the salts formed. ‘Tartaric acid detects 
potash in many cases, when dropped slowly into solutions con- 
taining it. ‘Tartar is formed, which, being nearly insoluble, 
falls to the bottom in small crystals. Phosphoric acid forms 
with potash a salt nearly insoluble in cold water, but yet it can- 
not be used as a precipitant. We know of no substance ca- 
5 


Precipitants 
of alkalies, 
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Alkaline 
earths, 


Earths, 


of soda, except the fluate, oxalate, and camphorate, are very © 
soluble. Though ammonia does not precipitate, yet it becomes | 


perceptible by its odour, when solutions containing it are mixed 
with a fixed alkali. 


2. Alkaline earths. Precipitants, 
Barytes ....... Sulphuric acid 
Strentian ...... Sulphuric acid 
Lime... 0: bnmyeipvisi AOSGuC ACIG 


Magnesia ...... Phosphoric acid. 


All the alkaline earths are precipitated completely by the al- 
kaline carbonates, and they are commonly used for the pur- 
pose. The acids indicated in the table likewise precipitate 
completely, provided they be combined with an alkaline base, 


and the proper precautions be taken to remove bodies that 


might impede the action. Sulphate of soda may be said to 
precipitate barytes completely from all solutions: but it does 


not act so powerfully upon strontian. Oxalate of ammonia — 
acts with nearly the same energy on lime, provided there be 
no excess of acid present. But the oxalate of lime is soluble, — 


in most acids. We have no good precipitant of magnesia ; it 
is usually detected by separating the other bodies, and then 
throwing it down by means of an alkali. Phosphoric acid has_ 
been proposed by Dr. Wollaston. His method is ingenious. 
He pours carbonate of ammonia (as nearly neutral as posibtey 
into the magnesian solution. No pr ecipitate appears, because 
the carbonic acid is sufficient to keep it in solution; but, on 
adding phosphate of soda, it falls down in an ‘aetuble state 


-combined with the phosphoric acid. 


3. Earths proper. Precipitants. 
Yttria........ Ammonia, ferrocyanate of potash 
‘Glucina 7... Ditty SLdlito 
Zirconia ...... Ditto, hydr osulphuret of potash 
Alumina...... Ditto, ditto. 


All these earths are precipitated by the alkaline carbonates. 
None of them has an appropriate precipitate by means of which 
it is detected and separated. ‘The separation is accomplished 
by more complicated means. If the solution be in sulphurie 
acid, indeed, alumina may be detected by means of potash, 
crystals of alum gradually separating. 


. 
EEE a 
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4. Metallic oxides. Precipitants, Chap. V. 
Gold Sulphate of iron Mau. 
steers’ “UNitrate of mercury oxides. 


Platinum. .... Sal ammoniac 
Silver.......- Common salt 
Mercury...... Common salt 
Palladium .... Prussiate of mercury 
Rhodium .... O2_. 
Iridium ...... on Zins 
Osmium...... O, Mercury 
Copper s,s. "O; Tron 
Tron ........ Succinate of soda, benzoate of soda 
Nickel . ...... O, sulphate of potash 
Tin.........- Corrosive sublimate 
Lead ........ Sulphate of soda 
Zinc ........ O, alkaline carbonates 
Bismuth ...... Water, muriate of soda 
Antimony .... Water, hydrosulphuret of potash 
Tellurium .... Water 

Arsenic ...... Nitrate of lead 
Cobalt ...... O, alkaline carbonates 
Manganese. .. Tartrate of potash 
Chromium.... Nitrate of lead 
Molybdenum.. O 
Uranium .... Prussiate of potash, alkalies 
Tungsten .... O, muriate of lime 
Titanium .... Infusion of galls 
Columbium... Zinc, infusion of galls 
Cerium ...... Oxalate of ammonia. 


Almost all the metallic oxides may be thrown down either com- 
pletely or partially by means of the alkalies, alkaline carbon- 
ates, or alkaline earths. Hydrosulphuret of potash likewise 
throws them almost all down; but many of them have, besides, 
particular precipitants, by means of which they may be sepa- 
rated from solutions. The precipitants usually employed are 
inserted in the preceding table. 

The sulphate of iron throws down gold in the metallic state, 
and is commonly employed to separate that metal, except when 
the solution contains iron, and we wish to ascertain its quan- 
tity ; in that case nitrate of mercury may be used. 

Platinum is precipitated from nitro-muriatic acid in the state 
of a yellow powder by salammoniac. This is the precipitant 
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num is easily decomposed by heat. 


Silver is completely precipitated from almost all solutions by — 


common salt; the chloride of silver being insoluble in most 
liquids. It is one of the best precipitants with which we are 
acquainted. 

Mercury i is usually detected and separated by sublimation. 
There is no good precipitant of it except when in the state of 
protoxide; then muriate of soda throws it down almost com- 
pletely. 

Dr. Wollaston has shown that palladium may be separated 
from nitro-muriatic solutions by means of prussiate of mer- 
cury. No good precipitant of rhodium is known. ' Dr. Wol- 
laston obtained it in a separate state by means of common salt. 
Neither do we know any good precipitant of iridium or os- 
mium; Mr. Tennant separated the first by means of zinc, and 
the second by means of mercury. 

No saline precipitant of copper sufficiently accurate for use 
is known; the metal is usually thrown down by means of a 
plate of iron, or by sulphuretted hydrogen. 

Succinate or benzoate of soda or ammonia have been used 
with much advantage as a precipitant of iron. 


No precipitant of nickel is known. Proust used sulphate of | 


potash to separate it from cobalt by means of repeated crys- 
tallizations. te ) 

There is no good precipitant of tin ; it may be thrown down, 
however, pretty completely, by means of corrosive sublimate. 
Zinc is commonly employed to separate it from solutions. 

Lead is thrown down very completely from its solutions by 
sulphate of soda. 

_There is no good precipitant of zinc known. The method 
employed by chemists, when they wish to obtain it from solu- 
tions, is to separate, in the first place, all the earths and other 


metallic oxides that may be present, and then to throw down: 


the zinc by means of an alkaline carbonate. 

Bismuth is thrown down from its solution by water and by 
muriate of soda. The white precipitate does not blacken when 
exposed to the sun: neither is it soluble in nitric acid, which 
sufficiently distinguishes it from chloride of silver. 

Antimony is precipitated by water. Hydrosulphuret of De 
ash or ammonia may be necessary in order to detect the metal 
by the orange-coloured precipitate thrown down. 
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Tellurium, as appears from Klaproth’s experiments, is chap. v. 


thrown down by water. We know but little of its precipitants. 

Arsenic in the state of white oxide is imperfectly precipi- 

tated by evaporation. NHydrosulphuret of potash throws it 

down yellow; but the best method of ascertaining its quantity 
is to convert it into an acid, and then throw it down by means 
of nitrate of lead. 

We have no good precipitant of cobalt. When tartrate of 
potash is put into a solution containing it, and set aside, red 
rhomboidal crystals form in it spontaneously, consisting of co- 
baltic tartrate of potash. This is not a bad way of obtaining 
the metal nearly pure, but it does not separate all the cobalt. 

Neither have we any good precipitant of manganese. Rich« 
ter has recommended tartrate of potash, which succeeds to a 
certain extent, especially if the solution does not contain an 
excess of acid. 

Chromium, when in the state of an acid, is thrown down by 
nitrate of lead, or nitrate of mercury. 

We have no good precipitant of molybdenum. By evapo- 
ration, it falls down spontaneously from acids in the state of 
an oxide. : 

Uranium is well characterized by the brown colour of the 
precipitate by prussiate of potash. The fixed alkalies throw 
it down completely from its solutions in the state of a brown 
powder. | 

We have no good precipitant of tungsten. It is usually ob- 
tained separate by combining its oxide with ammonia, evapo- 
rating to dryness, and then calcining. 

_ Titanium is thrown down like coagulated blood by nut-gallss 
columbium in the state of a white powder by a plate of zinc; 
and cerium by oxalate of ammonia. 


5. Acids. Precipitants. 
Sulphuric .......... Muriate of barytes 
Sulphurous .......... Nitrate of lead | 
Phosphoric .......... Muriate of lime 
MeO Ne as ee Muriate of an alkaline earth 
Fluoric. ............ Muriate of lime 
Boracic. ...........+. Sulphuric acid 
INItViC! Coa ce O 
cetic™. epee... 

Benzoic ...........- Mauriatic acid 
Succinic .s.eee.ee.+- Sulphate of iron. 
VOL. III. ie 
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Acids. Precipitation. 
Moroxylic .......... Acetate of lead 
COT OSEC cis ining done AD 
CIXGUC ie \5is 9 4G <\einin, «eee LU TIBHE OF LIME 


PVECIING (ioe area leca's ...+- Acetate of barytes 
SL ALLOTIC oos fio cuss bia cs. kee Ole 
ROUT ICL. hoelc weeeeeeee Acetate of lime 


PACIACTIC piline's owt, ate evs) LILO 
Malic ER PERRY COE ONT ® | 
Suberic .........+.- Muriatic acid. 


This part of the table requires scarcely any explanation. 
When an alkali or neutral salt is indicated as a precipitant, the 
acid falls down in the state of an insoluble salt; when an acid 
is used, then the acid is precipitated in the state of small crys- 
tals. When no precipitant is indicated, in that case the acid 
forms no known insoluble salt, and is itself soluble in water. 

When an acid forms an insoluble salt with any base, that 
acid, or its salts, almost always has the property of separating 
the base from the solutions which contain it. The base and 
its salt act in the same way when mixed with solutions con- 
taining the acid. Hence it is of importance to know the in- 
soluble salts which the acids form with all the bases, because 
then we can always foretel the effect of mixing saline solutions 
together. If any acid and base be present, capable of forming 
an insoluble salt, they usually combine and precipitate. I 
shall, for that reason, insert the following table; it exhibits 
the solubility of most of the salts hitherto examined. The 
letter S indicates that the salt possesses a considerable degree 
of solubility; the letter I, that it is not sensibly soluble; and 
the letter L, that it is but little soluble, or possessed of a de- 
gree of solubility not exceeding one or two per cent. 
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COMBINATION AND DECOMPOSITION. 


Book ut, Several of these salts, however, although insoluble in water, 
“~—’ are still soluble in several saline or acid solutions. This pre- 


vents the precipitation from appearing in all cases of mixture 
as it otherwise would. 


SECT. JIT. 
OF PRECIPITATION. 


From the tables and observations contained in the preceding 
Section, it appears that certain substances only can be thrown 


‘down from solutions ; namely, the earths and metallic oxides 
among the bases, and those acids which are nearly insoluble in 


water; while the alkalies and soluble acids cannot be precipi- 
tated at all. It remains for us to consider the state in which 
the precipitates are obtained, and the way in which they are 
produced. 

According to the theory of elective attraction, a substance is 
precipitated when its affinity for the solvent is less than that of 
the precipitant. The precipitate therefore is pure; andifa 
sufficient quantity of the precipitant be employed,’ the preci- 
pitation is complete. Berthollet has overturned this notion by 
showing, that in all cases the acid is divided between the base 
with which it is already combined, and the base employed as a 
solvent, and that the quantity which unites. to each depends 


upon the affinity and the quantity employed. Ifthe first base 


‘Effect of 
insolubilily. 


happens to be insoluble, the portion thus: disengaged will of 
course precipitate. By this separation the mass of the preci- 
pitant is augmented relatively to that of the base precipitated. 
It therefore acts with more energy. In this manner the quan- 
tity of the first base thrown down is increased. But it has not 
been proved, that by this method one substance is capable of 
precipitating every atom of another; though in some cases the 
decomposition is so nearly complete, that we may, without any 
sensible error, consider it as such: as when pure potash or 
soda is employed to throw down magnesia; or animonia, to 
throw down alumina or peroxide of iron. In other cases the 


action is very limited. ‘Thus potash does not seem sapable of 
throwing down barytes or strontian completely, nor ammonia 


magnesia, from acid solutions. 
When the base to be precipitated is capable of forming an 
insoluble compound with an under proportion of the acid to 
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which it is combined, it is obvious that in that case the preci- Chap. ¥- 
pitation will commence whenever the compound is reduced by 
the action of the precipitant to that state of insolubility. Such 
/precipitations cannot consist of the pure bases; they must all 
be in the state of subsalts. To know, therefore, whether a 
precipitate be a pure base or not, we have only to be acquainted 
with the nature of all the compounds which it is capable of 
forming with the acid which holds it in solution. If they be 
all very soluble, then we may conclude that the precipitate is 
in the state of a pure base, or nearly so; but if any of them 
be insoluble, we may expect to find at fat a part of the pre- 
cipitate in the state of asubsalt. ‘The alkaline earths scarcely 
form insoluble subsalts, but alumina and many of the metallic 
oxides possess that property. Hence, when alumina and se- 
veral of the metallic oxides are precipitated from an acid, we 
find the precipitate still containing united to it a certain por- 
tion of acid. 

Several metallic oxides have such a tendency to form sub- 
salts, that they are precipitated even by the affusion of water. 
This is the case particularly with bismuth and antimony, and 
with some of the oxygenized salts of mercury. 

The precipitation of the metals from solutions by other me- Precipita~ 
tals has long puzzled chemists. Berthollet explained it by sup- porn ne 
posing the precipitate to bean alloy. This certainly is true in 
some cases, but it applies to the thin layer of the precipitate 
only which is next the precipitating metal. ‘Thus when zinc 
precipitates copper, the layer next the cylinder of zinc always 
contains some zinc. Probably the same remark applies when 
copper is used to precipitate silver. But when iron precipi- 
tates copper, I can detect no mixture of iron in the precipi- 
tate, provided the iron has been polished and is not corroded 
unequally. Mr. Sylvester’s opinion, that the metallic preci- 
pitates are always produced by the agency of galvanism, is 
much more probable than any other yet stated.. In that case 
it is in reality hydrogen that reduces and precipitates the me- 
tals in all cases. Hence they fall either pure, or in the state 
of a hydroguret, according as the metals have the property of 
combining with hydrogen or not. 

When a base is employed to precipitate a soluble acid, the of acias. 
substance thrown down is always a compound consisting of 
the acid united to the base employed. In this-case, like the 
preceding, the acid is sometimes completely separated, and 
sometimes not, according to the energy of the base employed, 
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Book I. and the degree of insolubility of the salt formed. The same 
explanation applies as in the first case. : 

Precipita- When a neutral salt is employed as a precipitant, the sub- 

tion by neu- ; : . 

tral salts, Stance which falls is always a compound. | It is composed of 
one of the ingredients of the precipitating salt united to one 
ingredient of the salt in solution. Such salts alone can be em- 
ployed as are known to form insoluble compounds. with the 
acid or base which we wish to throw down. In these cases 
the separation is complete when the new salt formed is com- 
pletely insoluble. Neutral salts perform the office of precipi- 
tants in general, much more readily and completely than pure 
bases or acids. Thus the alkaline carbonates throw down the 
earths much more effectually than the pure alkalies, and sul- 
phate of soda separates barytes much more rapidly than pure 
sulphuric acid. This superiority is owing partly to the com- 
bined action of the acid and base, and partly to the compara- 
tively weak action of a neutral salt upon the precipitate, when 
compared to. that of an acid or alkali. 

_ For the precipitation takes place, not because the salts are 
insoluble in water, but because they are insoluble in the par- 
ticular solution in which the precipitate appears. Now if this 
solution happens to be capable of dissolving any particular 
salt, that salt will aot precipitate, even though it be insoluble 
in water. Hence the reason why precipitates so often disap- 
pear when there is present in the solution an excess of acid, of 
alkali, &c. 

Separation When different salts are mixed together, they separate either 
=a spontaneously, or on evaporation, according to the order of 
Np their solubility. Those which are insoluble precipitate imme- 
diately on the mixture, and those which are least soluble crys- 
tallize first wnen the solution is evaporated. Potash forms with 
sulphuric acid a salt much less soluble than sulphate of soda. 
Hence the reason why it has been supposed to have a stronger 
affinity for sulphuric acid, and by analogy for acids in general, 
than soda: For if sulphate of soda be mixed with the greater 
number of the salts of potash, sulphate of potash is obtained 
by evaporation. 

But in cases where two salts are mixed together, the result- 
ing salts are much influenced by the proportions of the ingre- 
dients. The same salts are not obtained if the ingredients be 
mixed in one proportion that would be obtained if they were 
mixed in another proportion. This will appear evidently from 

the following experiments of Berthollet. 
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The mother water, or the liquid which remains when mix- Chap. v. 
tures of salts are separated by crystallization, always contains 
several salts, or rather their component parts, which are pre- 
vented from crystallization by their mutual action on each 
other. Hence the quantity of this mother water is always the 
greater the more soluble the salts are; that is to say, the less 
disposition they have to crystallize. 

Such is a short sketch of Berthollet’s ingenious doctrine of 
precipitation. Jor a more particular detail the reader is re- 
ferred to the Statique Chimique. 


SECT. IV. 
OF VOLATILIZATION. 


WE have seen, in the preceding section, that decomposition 
as produced in consequence of the insolubility of some of the 
ingredients. Berthollet has shown that it takes place equally 
when some of the ingredients possess elasticity. “Thus when 
an acid is dropped into an alkaline carbonate, the carbonic 
acid assumes the gaseous form and flies off; and thus the de- 
composition is complete. In like manner, when an alkali is 
dropped into sal ammoniac, the ammonia becomes elastic, and 
is disengaged from the solution. 

This separation, though precisely the reverse of the former, Effect of 
depends upon similar principles. When sulphuric acid is “"™ 
poured into carbonate of soda, the two acids divide the base 
between them according to their affinity and quantity: but 
when the proportion of base is diminished, a part of the car- 
bonic acid is enabled to recover its elastic form. It flies off, 
and thus diminishes the quantity, and of course the action of 
the remaining carbonic acid. ‘The sulphuric acid is enabled 
to act with more energy ; it takes a greater proportion of base; 
more carbonic acid flies off. ‘Thus the decomposition is gra- 
dually completed, not because carbonic acid has a weaker afii- 
nity for soda, but because it is elastic. _ 

We may then lay it down as a general rule, that elastic acids 
are displaced by fixed ones, provided they are capable of en- 
during a sufficient degree of heat without decomposition. 
Hence the reason that the decompositions by the dry way, as 
it is called, that is, when the ingredients are made to act upon 
each other in a heat sufficient to produce fusion in one of them, 
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Book, are very different from those produced when the substances are 
made to act upon each other in water. 7 

In like manner, ammonia is separated from acids by means 
of the fixed alkalies and most of the earths, when a sufficient 
heat is applied, and many of the metals separate sulphur from 
mercury. : 

To these general laws, however, there are several exceptions. 
‘They seem to depend upon the condensation of the elastic 
fluid, upon the intimacy of its union with the other body, upon 
the affinity of the substances employed to separate ; all of which 
have been investigated by Berthollet with his usual sagacity.* 
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* Statique Chimique, i. 308. 
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PART II. 


CHEMICAL EXAMINATION OF NATURE. 


[Secaeeercenn an narmainaaas crater ol 


_ HAVING, in the first part of this work, given a very full de- 
tail of the principles of Chemistry, and a description of the 
different Substances with which it is necessary for the Chemist 
to be acquainted, I propose, in this Second Part, to take a 
view of the different substances as they exist in nature, con- 
stituting the material world, that we may ascertain how far the 
science of chemistry will contribute towards explaining their 
nature, and accounting for the different changes which they 
produce on each other. Now the different substances of which 
the material world, as far as we have access to it, is composed, 
may be very conveniently arranged under the five following 


heads: 


1. The Atmosphere. 3. Minerals. 5. Animals. 
2. Waters. 4. Vegetables. 


These five divisions will form the subject of the five follow- 
ing books, 


BOOK I. 
OF THE ATMOSPHERE. 


THE atmosphere is that invisible elastic fluid which: sur- Book t. 
rounds the earth to an unknown height, and encloses it on all 
sides. It received its name from the Greeks, in consequence 
of the vapours which are continually mixing with it. When 
the chemist turns his attention to the atmosphere, his object is to 
determine the constituents of which it is composed. This will 
occupy our attention accordingly in the following chapter. 
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Chap. I. 


Opinions of 


the ancients. 


Discoveries 
of the mo- 
derns. 


COMPOSITICN OF THE ATMOSPHERE. 


CHAP-.-I: 
COMPOSITION OF THE ATMOSPHERE. 


NEITHER the properties nor the composition of the atmos- 
phere seem to have occupied much of the attention of the an- 
cients. Aristotle considered it as one of the four elements, si- 
tuated between the regions of water and fire, and mingled 
with two exhalations, the dry and the moist ; the first of which 
occasioned thunder, lightning, and wind; while the second 
produced rain, snow, and hail. The ancients, in general, seem 
to have considered the blue colour of the sky as essential to 
the atmosphere; and several of their philosophers believed 
that it was the constituent principle of other bodies, or at least 
that air and other bodies are mutually convertible into each 
other.* But these opinions continued in the state of vague con- 
jectures, till the matter was explained by the sagacity of Hales, 
and of those philosophers who followed his illustrious career. — 

It was not till the time of Bacon, who first taught mankind ~ 
to investigate natural phenomena, that the atmosphere began 
to be investigated with precision. Galileo introduced the study 
by pointing out its weight; a subject which was soon after in- 
vestigated fully by Torricelli, Paschal, &c. Its density and 
elasticity were ascertained by Boyle and the Florence Acade- 
micians. Mariotte measured its dilatibility ; Hook, Newton, 
Boyle, Derham, pointed out its relation to light, to sound, and 
to electricity. Newton explained the effect produced upon it 
by moisture; from which Halley attempted to explain the 
changes in its weight indicated by the barometer. But a com- 
plete enumeration of the discoveries made upon the atmos- 
phere in general belongs to puewmatics ; a science which treats 
professedly of the mechanical properties of air. 

The knowledge of the component parts of the atmosphere 
did not keep pace with the investigation of its mechanical pro- 
perties. The opinions of the earlier chemists concerning it 
are toc vague and absurd to merit any particular notice. Boyle, 


* Thus Lucretius : 
Semper enim quodcunque fluit de rebus, id omne 
Aeris in magnum fertur mare; qui nisi contra 
Corpora retribuat rebus, recreetque fluenteis, 
Omnia jam resoluta forent, et in aera versa. 
Haud igitur cessat gigni de rebus et in res 
Recidere assidue, quoniam fluere omnia constat. Lib. vy. 274. 
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however, and his contemporaries, put it beyond doubt that the chap.t. 

atmosphere contained two distinct substances. 1. An elastic enue 

fluid distinguished by the name of air. 2. Water in the state pattsof the 
E A : atmospheres 

of vapour. Besides these two bodies, it was supposed that the 

atmosphere contained a great variety of other substances, 

which were continually mixing with it from the earth, and 

which often altered its properties, and rendered it noxious or 

fatal. Since the discovery of carbonic acid gas by Dr. Black, 

it has been ascertained that this elastic fluid always constitutes 

apart of the atmosphere. The constituent parts of the at- 

mosphere therefore are, 


¥. Are. 8. Carbonic acid gas. 
2. Water. 4. Unknown bodies. 


These shall form the subject of the four following Sections. 
But before proceeding to ascertain their properties, and the 
proportion in which they exist in air, it will be worth while to 
endeavour to calculate the amount of the whole of the atmos- 
phere which surrounds the earth. This will put it in our power 
to state the amount of its different constituent parts, and of 
course to see how far the quantities of each agree with the dif- 
ferent chemical theories which have been maintained concern- 
ing the influence of these bodies on the different kingdoms of 
nature. 

Mechanical philosophers have demonstrated, that the weight Its absotate 
of a column of the atmosphere, whose base is an inch square, ™*"*"- 
is equal toa column of mercury of the same base, and balanced 
by the atmosphere in the barometrical tube. | Now let-us sup= 
pose the mean height of the barometer to amount to nearly 30 
inches. Let R denote the radius of the earth, r the height 
of the mercury in the barometer, = the ratio between the cir- 


cumference of a circle and its diameter. The solidity of the 


- Ax R3 
earth is — 


; the solidity of the sphere composed of the 


earth, and a quantity of mercury surrounding it equal to the 
4a(R + rj, 

3 " 
lidity of the hollow sphere of mercury equal to the weight of the 
ae ai sl =47(Rr+rRt+ =), 
or, neglecting the terms containing r? and 7°, 4 4 R2r. This 
formula, by substituting for 7, R®, and 7, their known values, 
gives the solidity of the hollow sphere of mercury in cubic 
feet. But a cubic foot of mercury is nearly equal to 13500 

VOL, III. M 3 


weight of the atmosphere, is Consequently the so- ~ 


atmosphere is 
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Book. avoirdupois ounces. Hence the mean weight of the atmos- 
— phere amounts to about 1,911,163,2 27,258,181, 818lbs. avoir- — 
dupois. 


SECT. I. 
OF AIR. 


ae Tur word arr seems to have been used at first to denote. 
"the atmosphere in general; but philosophers afterwards re- 

stricted it to the elastic fluid, which constitutes the greatest and: 

the important part of the atmosphere, excluding the water and — 

the other foreign bodies which are occasionally found mixed 

with it. For many years all permanently elastic fluids were 

/ considered as air, from whatever combinations they were ex- 
tricated, and supposed to possess exactly the same properties. 

with the air of the atmosphere. — It is true, indeed, that Van’ 

Helmont suspected that elastic fluids possessed different pro- 

perties; and that Boyle ascertained that all elastic fluids are — 

not capable of supporting combustion like air. But it was not 

till the discoveries of Cavendish and Priestley had demon- 

strated the peculiar properties of a variety of elastic fluids, 

that philosophers became sensible that there existed various 

species of them. In consequence of this discovery, the word 

air became generic, and was applied by Priestley, and the Bri- 

tish and Swedish philosophers in general, to all permanently 
elastic fluids, while the air of the atmesphere was distinguished 


¢ 


by the epithets of common or atmospheric air: but Macquer 
thought proper to apply the term gas, first employed by Van 
Helmont, to all permanently elastic fluids except common air, — 
and to confine the term air to this last fluid. This mnovation - 
was scarcely necessary; but as it has now been generally 
| adopted, it will be proper to follow it. By the word air, then, . 

in this section, I mean only common, air, or the fluid which 
forms by far the greatest part of the atmosphere. | 

The foreign bodies which are mixed or united with air in 
the atmosphere are so minute in quantity compared to it, that: 
they have no very sensible influence on its properties. We 
may, therefore, consider atmospheric air, when in its usual 

state of dryness, as sufficiently pure for examination. 

Specific 1. Air is an elastic fluid, invisible indeed, but easily recog- 
gravity; nized by its properties. Its specific gravity, when the baro- 
meter is at 30 inches, and the thermometer at 60°, is usually 
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reckoned 1:000: it is 828 times lighter than water. One hun- chap. 1. 
dred cubic inches of air weigh 30°5 grains troy, according to 
the experiments of Sir George Shuckburgh. 

But as air is an elastic fluid, and compressed at the surface Density. 
of the earth by the whole weight of the incumbent atmosphere, 
its density diminishes according to its height above the surface 
of the earth. From the experiments of Pascal, Deluc, Ge- 
neral Roy, &c. it has been ascertained, that the density dimi- 
nishes in the ratio of the compression. Consequently the 
density decreases in a geometrical progression, while the 
heights increase in an arithmetical progression. 

Bouguer has suspected, from his observations made on the 
Andes, that at considerable heights the density of the air is no 
longer proportional to the compressing force ;* but the expe- 
riments of Saussure, junior, made upon Mount Rose, have de- 
-monstrated the contrary.t 

2. Although the sky is well known to have a blue colour, eotour. . 

yet it cannot be doubted that air itself is altogether colourless 
and invisible. The blue colour of the sky is occasioned by 
the vapours which are always mixed with air, and which have 
the property of reflecting the blue rays more copiously than, 
any other. This has ‘been proved by the experiments which. 
Saussure made with his cyanometer at different heights above 
the surface of the earth. This instrument consisted of a cir- 
cular band of paper, divided into 51 parts, each of which was 
painted with a different shade of blue; beginning with the 
deepest mixed with black, to the lightest mixed with white. 
He found that the colour of the sky always corresponds with 
a deeper shade of blue the higher the observer is placed above 
_ the surface; consequently, at a certain height, the blue will 
disappear altogether, and the sky appear black; that is to say, 
will reflect no light at all. The colour becomes always lighter 
in proportion to the vapours mixed with the air. Hence it is 
evidently owing to them.t 

S. lor many ages air was considered as an element or sim- Composi-- 
ple substance. For the knowledge of its component parts we sid 
are indebted to the labours of those philosophers in whose 
hands chemistry advanced with such rapidity during the last 
forty years of the 18th century. The first step was made by 
Dr. Priestley in 1774, by the discovery of oxygen gas. This 


# Mem. Par. 1753, p. 515. Ft Jour. de Phys, xxxvi. 98, 
{ Saussure, Voyages dans les Alpes, iv, 288. 
M Z 
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Book I. @aS, according to the prevailing theory of the time, he consi- 
“\—’ dered as air totally deprived of phlogiston ; azotic gas, on the 
other hand, was air saturated with phlogiston. Hence he 
considered common air as oxygen gas combined with an in- 
definite portion of phlogiston, varying in purity according to 
that portion; being always the purer the smaller a quantity of 
phlogiston it contained. 

While Dr. Priestley was making experiments on oxygen 
gas, Scheele proceeded to the analysis of air in a different man- 
ner. He observed that the liquid sulphurets, phosphorus, and 
various other bodies, when confined along with air, have the 
property of diminishing its bulk; and this diminution always . 
amounts to a certain proportion, which he found to be between 
a third and a fourth part of the whole. The residuum was 

| unfit for supporting flame, and was not diminished by any of 
the processes which diminish common air. _ To this residuum 
he gave the name of foul air. From these experiments, he 
ah concluded that air isa compound of two different elastic fluids: 
| namely, foul air, which constitutes more than two thirds of 
| the whole, and another air, which is alone capable of support- 
ing flame and animal life. This last air he extricated from 
nitre by heat, from the black oxide of manganese, and from 
other substances, and gave it the name of empyreal air. He 
showed that a mixture of two parts of foul air and one part of 
empyreal air possesses the properties of common air.* 


The foul air of Scheele was the same with the phlogisticated 
air of Priestley, or with what is now known by the name of 
axotic gas. His empyreal air is the same with the dephlogis- 
ticated air of Priestley, or with what is at present called oxy- 
gen gas. According to him, therefore, air is a compound of 
two parts of azotic and one part of oxygen gas. He accounted 
for the diminution of air by the liquid sulphurets and other 
similar bodies by his theory of the composition of caloric, 
which he considered as a compound of phlogiston and oxygen 
gas. According to him, the phlogiston of the sulphuret com- 
bines with the oxygen of the air, and passes through the ves- 
sels in the state of caloric, while the azotic gas, which has no 
affinity for caloric, is left behind. 

While Scheele was occupied with his experiments on air, 
Lavoisier was assiduously employed on the same subject, and 
was led by a different road to precisely the same conclusion as 


* Scheele on Air and Fire, p. 7. &c. Eng, Trans. 
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Scheele. By oxidizing mercury in a vessel filled with com- 
mon air, and heated to the boiling point of mercury, he ab- 
stracted the greater part of its oxygen gas; and by heating the 
red oxide thus formed, he reconverted it into mercury, while 
at the same time a quantity of oxygen gas was extricated. 
The residuum in the first experiment possessed the pro perties 
of azotic gas; but when the oxygen gas extricated from the 
mercury was added to it, the mixture assumed again the pro- 
perties of common air. Hence he concluded that air is com- 
posed of azotic gas and oxygen; and from a variety of expe- 
riments he Ricemaiead the proportions to be 73 parts of azotic 
gas and 27 parts of oxygen gas. He demonstr ated, too, that 
when air is diminished by liquid sulphurets, metals, &c. the 
oxygen gas which is abstracted combines with the sulphurets, 
&c. and converts them into acids or oxides according to their 
respective natures. But as all these experiments have been al- 
ready detailed in the first part of this work, it is unnecessary 
to be more particular in this place. 

Air, then, is a compound of oxygen and azotic gas: but it 
becomes a question of considerable consequence to determine 
the proportion of these two ingredients, and to ascertain whe- 
ther that proportion is in every case the same. Since azotic 
gas, one of the component parts of that fluid, cannot be sepa- 
rated by any substance with which chemists are acquainted, 
the analysis of air can only be atiempied by exposing it to the 
action of those bodies which have the property of absorbing 
its oxygen. By these bodies the oxygen gas is separated, al 
the azotic, gas is left behind, and the proportion of oxygen 
may be ascertained by the diminution of bulk; which being 
once known, it is easy to ascertain the proportion of azotic 
gas, and thus to determine the exact relative quantity of the 
component parts of air. 

After the composition of the atmosphere was known to phi- 
losophers, it was taken for granted that the proportion of. its 
oxygen varies at different times and in different places; and 
that upon this variation depended the purity or noxious qua- 
lities of air. Hence it. became an object of the greatest im- 
portance to get possession of a method to determine readily 
the quantity of oxygen in a given portion of air. Accordingly 
various methods were proposed, all of them depending upon 
the property which many bodies. possess, of absorbing the oxy- 
gen of the air without, acting upon its azote. These bodies 
were mixed with a certain known quantity of atmospheric air 
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Book. in graduated glass vessels inverted over water, and the propor- 
tion of oxygen was determined by the diminution of bulk. 
These instruments received the name of eudiometers, because 
they were considered as measures of the purity of air. The 
eudiometers proposed by different chemists may be reduced to 

four. | 
neat 1. The first cudiometer was made in consequence of Dr. 
and Fon. Priestley’s discovery, that when nitrous gas is mixed with air 
slog over water, the bulk of the mixture diminishes rapidly, in con- 
sequence of the combination of the gas with the oxygen of the 
air and the absorption of the nitric acid thus formed by the 
water. When nitrous gas is mixed with azotic gas, no dimi- 
nution at all takes place. When it is mixed with oxygen gas 
in proper proportions, the absorption is complete. Hence it 
as evident, that in all cases of a mixture of these two vases the 
-diminution will be proportional to the quantity ef the oxygen. 
*Of course it will indicate the proportion of oxygen in air; and 
by mixing it with different portions of air, will indicate the 
different quantities of oxygen which they contain, provided 
the component parts of air be susceptible of variation. Dr. 
Priestley’s method was to mix together equal bulks of air and 
nitrous gas in a low jar, and to transfer the mixture into a 
narrow graduated glass tube about three feet long, in order to 
measure the diminution of bulk. He expressed this diminu- 
tion by the number of hundred parts remaining. ‘Thus, sup- 
pose he had mixed together equal parts of nitrous gas and air, 
~-the sum total of this mixture was 200 (or 2°00): suppose the 
--vesiduum when measured in the graduated tube to amount to 
104 (or 1:04), and of course that 96 parts of the whole had 
disappeared, he denoted the purity of the air thus tried by 104. 
_A more convenient instrument was invented by Dr. Falconer 
of Bath; and Fontana greatly improved this method of mea- 
suring the purity of air. A description of his eadiometer was 
published by Ingenhousz in the first volume of his Experi- 
4mprovedby Ments; but it was Mr. Cavendish who first brought this eudi- 
Cavendish. Ometer to such a state of precision as to be enabled to ascer- 
tain correctly the constituents of air. His method was to put 
125 measures of nitrous gas into a glass vessel, and to let up 
into it very slowly 100 measures of the air to be examined, 
agitating the vessel containing the nitrous gas during the whole 
time. The diminution of bulk when the process was conducted 
in this way was almost uniform. ‘The greatest was 110, the — 
least 106°8; the mean 1082. The variation he found to de- — 
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pend, not upon the air examined, but upon the state of the Chapt 
water in which the experiment was made. If the experiment 

was reversed, by letting up the nitrous gas to common air, he 

used 100 measures of each, and’ the diminution in that case 

was only 90 measures. 

This constancy in the diminution of the bulk of all the dif- 
ferent specimens of common air examined, induced Mr. Ca- 
vendish to conclude that the proportion between the oxygen 
and azote in common air does not vary. To find the absolute 
quantity of oxygen in air, he mixed together oxygen gas and. 
azote in various proportions, and at last ce that a mixture 
of 10 measures of the purest oxygen which he could procure 
with 38 measures of azote, was just as much diminished by ni- 
trous gas as the same bulk of common air. Hence he con- 
sane that air is composed of 10 parts by bulk of oxygen and 
38 of azote, which gives us for its composition per cent. 


79°16 azote 
20°82 oxygen 


100°00 


or very nearly 21 per cent. of oxygen gas.* 

Other philosophers, who did not pay that rigid attention to Dalton’s 
precision which characterises all Mr. Cavendian’ S experiments, meta 
obtained variable results from the nitrous gas eudiometer. 
Most of the circumstances which occasion the variation were 
pointed out by Cavendish; but they seem to have escaped the 
observation of succeeding chemists. Humboldt’s attempt to 
render the eudiometer of Fontana accurate did not succeed.} 
But Mr. Dalton has explained the anomalies in a very lumi- 
nous manner. According to this philosopher, oxygen gas and. 
nitrous gas are pahehtee of uniting in two proportions: 21 
measures of oxygen gas uniting eller wath 86 measures of ni- 
trous gas, or with twice 36, = 72 measures. Both of these 
compounds are soluble in water. If the tube be wide, a con- 
siderable portion of nitrous gas comes at once in contact with 
the oxygen. Hence the latter gas combines with a maximum 
of nitrous gas, especially if agitation be employed. In a narrow 
tube the oxygen combines with the minimum of nitrous gas, 
provided no agitation be employed, and the residue be poured 
soon into another vessel. When intermediate proportions are 


* Phil. Trans. 1783, p. 107. + Ann, xxvii, 
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used, the absorption will be intermediate. Mr. Dalton recom- 
mends a narrow tube; the nitrous gas is to be only in the pro- 
portion requisite to form the minimum combination; no aoi- 
tation is to be employed; and when the diminution is com- 
pleted, the gas must be transferred to another tube. To 100 
measures of air add about 36 of nitrous gas; note the dimi- 
nution of bulk, and multiply it by 4; the product gives the 
bulk of oxygen in the air examined.* 

I have made many experiments on this subject; but have 
not obtained results agreeing with each other. Sometimes the 
multiplier is 4, = 0°3684; while sometimes it is as high as 24 
yay. 

In order to get rid of the anomalies which had perplexed 
former experimenters, Davy proposed to employ the nitrous gas 
in a different state. He caused sulphate or muriate of iron to 
absorb this gas to saturation, and employed the dark brown 
liquid thus obtained to deprive air of its oxygen. A small gra- 
duated glass tube, filled with the air to be examined, is plunged 
into the nitrous solution, and moved a little backwards and for- 
wards. The whole of the oxygen is absorbed in a few minutes. _ 
The state of greatest absorption ought to be marked, as the 
mixture afterwards emits a little gas, which would alter the re- 
sult. By means of this, Davy examined the air at Bristol, 
and found it always to contain about 0:21 of oxygen. Air 
sent to Dr. Beddoes from the coast of Guinea gave exactly the 


same result. 


This method of Davy gives constant results; but unless the 
weather be hot it is a very tedious method. When the ther- 
mometer stands between 40° and 50°, three or four days are 
requisite before the liquid is able to absorb the whole of the 
oxygen from a given bulk of air. 

- 2, For the second kind of eudiometer we are indebted to 
Scheele. It is merely a graduated glass vessel, containing a 
given quantity of air exposed to newly prepared liquid alka- 
line or earthy sulphurets, or to a mixture of iron filings and 
sulphur, formed into a paste with water. These substances 
absorb the whole of the oxygen of the air, which converts a 
portion of the sulphur into an acid. The oxygen contained 
in the air thus examined is judged of by the diminution of 
bulk which the air has undergone. This method is not only 
exceedingly simple, but it requires very little address, and yet 


* Dalton, Phil. Mag. xxviii, 351. 
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is susceptible of as great accuracy as any other whatever. The Chap. 1. 
only objection to which it is liable is its slowness; for when “~~~ 
the quantity of air operated on is considerable, several days 
elapse before the diminution has reached its maximum. 

But this objection has been obviated by Mr. De Marti, who mprovea 
has brought Scheele’s eudiometer to a state of perfection. He f¥ 0° 
found that a mixture of iron filings and sulphur does not an- 
swer well, because it emits a small quantity of hydrogen gas, 
evolved by the action of the sulphuric acid formed upon the. 
iron; but the hydroguretted sulphurets, formed by boiling to- 
gether sulphur and liquid potash or lime water, answered the 
purpose perfectly. These substances, indeed, when newly pre- 
pared, have the property of absorbing a small portion of azotic 
gas; but they lose this property when saturated with that gas, 
which is easily effected by agitating them for a few minutes 
with a small portion of atmospheric air. His apparatus. is 
merely a glass tube, ten inches long, and rather less than half 
an inch in diameter, open at one end, and hermetically sealed 
at the other. ‘The close end is divided into 100 equal parts, 
having an interval of one-line between each division. The use 
of this tube is to measure the portion of air to be employed in 
the experiment. The tube is filled with water; and by allow- 
ing the water to run out gradually while the tube is inverted; 
and the open end kept shut with the finger, the graduated 
part is exactly filled with air. ‘These hundred parts of air are 
introduced into a glass bottle filled with liquid sulphuret of . 
lime previously saturated with azotic gas, and capable of hold- 
ing from two to four times the bulk of the air introduced. 
The bottle is then to be corked with a ground glass stopper, 
and agitated for five minutes. After this the cork is to be with- 
drawn while the mouth of the phial is under water; and for the 
greater security, it may be corked and agitated again. After 
this, the air is to be again transferred to the graduated glass 
tube, in order to ascertain the diminution of its buik.* 

Air examined by this process suffers precisely the same 
diminution in whatever circumstances the experiments are 
made: no variation is observed whether the wind be high or 
low, or from what quarter soever it blows; whether the air 
tried be moist or dry, hot or cold; whether the barometer be 
high or low. Neither the season of the year, nor the situa- 
tion of the place, its vicinity to the sea, to marshes, or to 


* Jour. de Phys. li. 176. 
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mountains, make any difference. Mr. De Marti found the 
diminution always between 0°21 and 0°23. 

3. The third kind of eudiometer was proposed by Volta. 
The substance employed by that philosopher to separate the 
oxygen from the air was hydrogen gas. His method was to 
mix given proportions of the air to be examined and hydro- 
gen gas ina graduated glass tube; to fire the mixture by an 
Spee cated and to fhe of the purity of the air by the 
bulk of the residuum. This method has been lately examined 
by Gay-Lussac and Humboldt. They have found it suscep- 
tible of great precision. It is one of the simplest and most 
elegant methods of estimating the proportion of oxygen in © 
air, When 100 measures of hydrogen are mixed with 200, 
or any greater bulk of oxygen, up to 900 measures, the dimi- 
nution of bulk after denotation is always 46 measures. The 
same diminution is obtained if the hydrogen be increased up 
to a certain quantity. The result of their trials is, that 100 
measures of oxygen gas require 200 of hydrogen for complete 
combustion, which coincides very well with the trials pre-— 
viously made in this country. Hence the method of using 
this eudiometer is very simple: Mix together equal bulks of 
the air to be examined and of hydrogen gas, ascertain the 
diminution of bulk after combustion, divide it by three, the 
quotient represents the number of measures of oxygen in the 
air. A great number of trials, in different seasons of the year, 
of mixtures of 200 measures of air and as much hydrogen, 
gave almost uniformly a diminution of bulk amounting to 
126 measures. Now the third of 126 is 42, the quantity of 
oxygen in 200 measures of air. Hence 100 parts of air, ac- 
cording to these trials, contain 21 of oxygen.* 

4, In the fourth kind of eudiometer, the abstraction of the 
oxygen of air is accomplished by means of phosphorus. This 
eudiometer was first proposed by Achard.+ It was consider- 
ably improved by Reboul, { and by Seguin and Lavoisier; § 
but Berthollet || brought it to a state of perfection. 

Instead of the rapid combustion of phosphorus, this last 
philosopher has substituted its spontaneous combustion, which 
absorbs the oxygen of air completely; and when the quantity 


of air operated.on is small, the process is over in a short 


* Jour. de Phys. Ix. 129. + Ibid. 1784, vol.i. 
t Ann. de Chim. xiii. 38. § Ann. de Chim. ix. 293. 
\| Ibid. xxxiv. 73. and Jour. de l’Ecole Polytechn. I. ili. 274. 
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time. The whole apparatus consists in a narrow graduated . Chap. L 
tube of glass containing the air to be examined, into which 
is introduced a cylinder of phosphorus fixed upon a glass 
rod, while the tube stands inverted over water. The phos- 
phorus should be so long as to traverse nearly the whole of 
the air. Immediately white vapours rise from the phosphorus 
and fill the tube. ‘These continue till the whole of the oxy- 
‘gen combines with phosphorus. They consist of phosphorous 
acid, which falls by its weight to the bottom of the vessel, 
and is absorbed by the water. The residuum is merely the 
azotic gas of the air, holding a portion, of phosphorus in so- 
lution. Berthollet has ascertained, that by this foreign body 
its bulk is increased ,th part. Consequently the bulk of the 


40 
residuum, diminished by =, gives us the bulk of the azotic 


mm § 
gas of the air examined; which bulk, subtracted from the 
original mass of air, gives us the proportion of oxygen gas 
contained in it.* 

All the different experiments which have been made by 
means of this eudiometer agree precisely in their result, and 
indicate that the proportions of the ingredients of air are 
always the same; namely, about 0°21 parts of oxygen gas, 
and 0°79 of azotic gas. Berthollet found these proportions 
in Egypt and in France, and I have found them constantly 
in Edinburgh and in London, in all the different seasons of 
the year. 

Thus it appears, that whatever method is employed to ab- 
stract oxygen from air, the result is uniform, provided the 
experiment be precisely made. They all indicate that com- 
mon air consists very nearly of 21 parts of oxygen. and 79 of 
azote. Scheele and Lavoisier found 27 per cent. of oxygen, 
but their methods were not susceptible of precision. Air, 
then, does not vary in its composition; the proportion between 
its constituents is constant in all places and in all heights. 
Gay-Lussac examined air brought from the height of more 
than 21,000 feet above Paris, and found it precisely the same 
as the air at the earth’s surface.+ 

But 21 cubic inches of oxygen gas weigh 7'116 grains, and Constituents 
79 inches of azote weigh 23°425 grains. These added to- ‘Chee 
gether amount to 30°541 grains, which ought to be the weight 


* A very convenient apparatus for making eudiometrical experiments, 
has been invented by Mr. Pepys, and described by him in Phil. Trans. for 
1807. 

+ Phil. Mag. xxi, 225. 
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of 100 inches of common air. But this is somewhat greater 
than the weight of 100 inches of air, according to Sir John 
Shuckburgh Evelyn’s experiments, who found it only 30°5 
grains. The difference is not great, and is probably owing 
to a small error in the specific gravities of the different gases. 
According to this estimate, 100 parts of air are composed by 


- weight of 


Method of 
ascertaining 
the density 
of the air 
operated on. 


How to re- 
duce air to 
a given kas 
rometrical 
pressure. 


23°299 oxygen 
76°701 azote 
100°000 


In all the analyses of air, it is necessary to operate on air 
of a determinate density, and to take care that the residuum 
be neither more condensed nor dilated than the air was when 
first operated on. If these things are not attended to, no de- 
pendence whatever can be placed upon the result of the ex- 
periments, how carefully soever they may have been per- 
formed. Now there are three things which alter the volume 
of air and other elastic fluids: 1. A change in the height of 
the barometer. 2. An increase or diminution of their quantity ; 
the vessel in which they are contained remaining the same, 
and standing in the same quantity of water or mercury. 3. A 
change in the temperature of the air. 

1. The density of air and other elastic fluids is always pro- 
portional to the compressing force. Now they are compressed 
by the weight of thé atmosphere, which is measured by the 
barometer. If that.weight diminishes, their density dimi- 
nishes in proportion, and of course their bulk increases: 
if the weight of the atmosphere increases, their density in- 
creases, and their bulk diminishes in the same proportion, 
Consequently, if the height of the barometer varies during an 
experiment, the bulk of the residuum will not be the same 
ihat it would have been if no such change had taken place. 
We shall therefore commit an error, unless we reduce the 
bulk of the residuum to what it would have been if no such 
alteration had taken place. This is easily done by a very 
simple formula. 

It has been ascertained by philosophers, that the volumes of 
air are always inversely as the compressing forces. ‘There- 


‘fore let m be the height of the barometer at the commence- 


ment of an experiment, its height at the end, v the volume 
of the gas when the barometer is at , and x its volume, 


AIR, 
supposing the barometer at m. We have n: m:: x: v. 


Consequently 2 = — So that to find the volume required, 
we have only to multiply the volume obtained by the actual 


height of the barometer, and divide by the height of the: 


barometer at which we want to know the volume: and, in 
general, to reduce a volume of air to the volume it would oc- 
cupy; supposing the barometer at 30 inches, we have only to 
use te above formula, substituting 30 in place of m. 
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. When air is confined in a jar standing over water or To reduce it 


to the dene 


Bohiaty, its density is not the same with that of the atmos- sity ofex- 
phere, unless its lower surface in the jar be exactly level with ‘*" 


the surface of the liquid in the tub in which it stands. Let 


A bea jar containing air; and BC the sur- a 

face of the water or mercury in the tub in D 
which the jar is inverted; the air within the 5 D 
jar is not of the same densify with the ex- ae 


ternal air, unless it fills exactly that part of 

the jar above BC. If it fill only that part of it between A 
and D, while the water or mercury rises to D, the air will be 
more dilated than the external air, because it is compressed 
only by the weight of the atmosphere, diminished by the 
column of mercury or water Dm. On the other hand, if 
the water or mercury only rise in the jar to E, the air within it 
will be denser than the external, because it is compressed by 
the weight of the atmosphere, and also by the column of 
water or air mE. It is proper, therefore, in all cases, to 
bring the lower surface of the air in the j jar to the same level 
mith. the surface of the water or mercury in the trough. But 
in eudiometrical experiments this is often impossible; because 
part of the air being absorbed, though the water or mercury 
over which it stands at first only rose tom, yet the absorption 
which takes place occasions it to rise to some line D above m. 

Hence the air which remains after the experiment is in a state 
of dilatation, and must be reduced by calculation to the vo- 
lume which it would occupy were it in the same state of com- 
pression as at the commencement of the experiment. ‘This 
is easily done by the following formula. 

Let us suppose the experiment is made over mercury. 
Let H be the height of the barometer at the commencement 
of the experiment, h the length of the column of mercury 
m 1D, v the volume of the air in A D, and « the volume re- 
quired, or the volume which the air would have, supposing 


174 


Book I. 


Cao 


Allowance 
for tempe- 
Fature. 


Water of 
the atmos- 
Phere. 


COMPOSITION OF THE ATMOSPHERE. 
D to coincide with m. Then we have H: H—/h:: v:z. 


Anda ==", Thus let H be 30 inches, h = 5 inches, 
H 


and v = 200 cubic inches; then x = 1662 cubic inches; so 

that without this correction the error would amount to no less~ 
than 331 cubic inches, or about the sixth part of the whole. 

‘When the experiment is made over water, the same formula 
applies; only in that case H must be multiplied by 13°6, be- 

cause a column of water 13°6 times longer than mercury is 
necessary to produce the same pressure. In that case, sup- 

posing the numbers the same as before, x would be = 1971; 

so that the error over water is only 21 inches, or the 80th part 
of the whole. 

3. A change in the temperature may be more easily guarded 
against in eudiometrical experiments, as they are usually made 
within doors: but when it does happen, it occasions an altera- 
tion in the volume of the air; an increase of temperature 
dilating it, and a diminution of temperature occasioning a 
condensation. This error may be easily corrected in air and 
all other gases, by increasing or diminishing their apparent 
bulk for every degree of change in the thermometer, accord- 
ing to the table of the dilatations of the gases formerly given.* 


SECT. II. 
OF WATER. 


Tar the atmosphere contains water has been always known. 
The rain and dew which so often precipitate from it, the clouds 
and fogs with which it is often obscured, and which deposite 
moisture on all bodies exposed to them, have demonstrated 
its existence in every age. Even when the atmosphere is per- 
fectly transparent, water may be extracted from it in abund- 
ance by certain substances. ‘Thus, if concentrated sulphuric 
acid be exposed to air, it gradually attracts so much moisture, 
that its weight is increased more than three times: it is con- 
verted into diluted acid, from which the water may be se- 
parated by distillation. Substences which have the property 
of abstracting water from the atmosphere have received the 
epithet of hygroscopic, because they point out the presence of 
that water. Sulphuric acid, the fixed alkalies, muriate of lime, 


* See Vol. i. p. 29. 


WATER. 


nitrate of lime, and in general all deliquescent salts, possess 
this property. ‘The greater number of animal and vegetable 
bodies likewise possess it. Many of them take water from 
moist air, but give it out again to the air when dry. These 
bodies augment in bulk when they receive moisture, and di- 
minish again when they part with it. Hence some of them 
have been employed as hygrometers, or measures of the quan- 
tity of moisture contained in the air around them. This they 
do by means of the increase or diminution of their length, oc- 
casioned by the addition or abstraction of moisture. This 
change of length is precisely marked by means of an index. 
The most ingenious and accurate hygrometers are those of 
Saussure, Deluc, and Wilson. In the first, the substance 
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employed to mark the moisture is a human hair, which by its : 


contractions and dilatations is made to turn round an index. 
In the second, instead of a hair, a very fine thin slip of whale- 
bone is employed. ‘The scale is divided into 100°. The be- 
ginning of the scale indicates extreme dryness, the end of it 
indicates extreme moisture. It is graduated by placing it first 
in air made as dry as possible by means of salts, and after- 
wards in air saturated with moisture. This gives the extremes 
of the scale, and the interval between them is divided into 100 
equal parts. In Mr. Wilson’s hygrometer, which is the sim- 
plest of all, the hygrometrical substance is a rat’s bladder, 


which, by dilating or contracting, alters the height of a column - 


of mercury in a thermometrical tube attached to it. The 
bladder and part of the tube being filled with mercury. 

Since it cannot be doubted tliat’ the atmosphere always con- 
tains water, there are only two points which remain to be in- 
vestigated: 1. The state in which that water exists in air; 
2. The quantity which a given bulk contains. 

I. With respect to the state in which water exists in air, 
two opinions have been formed, each of which has been sup- 
ported by very able philosophers. 1. Water may be dissolved 
in air in the same manner as a salt is held in soluticn by 
water. 2. It may be mixed with air in the state of steam or 
vapour, after having been converted into vapour. 

1. The first of these opinions was hinted at by Dr. Hooke 
in his Micrographia, and afterwards proposed by Dr. Halley; 
but it was much more fully developed by Mr. Le Roy of 
Montpelier in 1751. Dr. Hamilton of Dublin made known 
the same theory about the same time. The phenomena in 
general coincide remarkably well with this theory. The 
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quantity of water which air is capable of holding in solution 
is increased by every augmentation of temperature, and dimi- 
nished by cold, which is precisely analogous to almost all 
other solvents. These analogies, and several others which 
will easily suggest themselves to the reader, have induced by 


far the greater number of philosophers to adopt this opinion. _ 


2. The second theory, namely, that water exists in air in 
the state of vapour, has been embraced by Deluc in his last 
treatise on Meteorology; at least his reasoning appears to me 
to lead to that conclusion. But it is to Mr. Dalton that we 
are indebted for the most precise information on the subject.* 
The following reasons put the truth of this opinion almost 
beyond the reach of controversy. | 

In the jirst place, It cannot be doubted that the water which. 
exists in air is derived originally from the waters on the sur- 
face of the earth, which are exposed to the action of the at- 
mosphere. Accordingly we find that water, when exposed to 
the air, suffers a gradual diminution of bulk, and at last dis- 
appears altogether. This diminution of the water may be 
owing, either, to its gradual solution in air, or to its. conversion 
into vapour. ‘The last is the common opinion, as the pheno- 
menon is in common language ascribed to the evaporation. of 
the water. When water is placed in an exhausted receiver, 
it diminishes in bulk even more rapidly than in the open air. 
In this case, as no air is present, we can only ascribe the di- 
minution of bulk to the conversion of the water into vapour. 
Accordingly we find, upon examination, that the receiver is 
actually filled with water in the state of vapour. The pre- 
sence of this vapour very soon, by its elasticity, puts an end 


to the evaporation of the water. Now, since water disappears 


equally whether air be present or not, and exactly in the same 


manner, it is reasonable to ascribe its disappearing in both 
cases to the same cause. But in the exhausted receiver it is. 


converted into vapour. Hence it is probable that it is con- 
verted into vapour also in the open air; and if so, it must exist 
in air In the state of vapour. 

In the second place, If the disappearing of water exposed to 
the open air were owing to solution and not to evaporation, 
it ought certainly to disappear more rapidly when it is exposed 
to the action of a great quantity of air than when to a small 


‘quantity ; for the quantity of any body dissolved is always: 


* Manchester Memoirs, v. p. 571. 
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proportional to the quantity of the solvent. But the very Chao, 


contrary is what actually takes place with respect to the water 
contained in the air. Saussure has proved that water evapo- 
rates much faster at great heights than at the surface of the 
earth, even when the temperature and the moisture of the air 
in both places are the same. By comparing a sect of experi- 
ments made upon the Col-du-Geant, at the height of 11,275 
feet above the level of the sea, with a similar set made at Ge- 
neva, 1324 feet above the level of the sea, he ascertained that, 
supposing the temperature and the dryness of the air in both 
places the same, the quantity of water evaporated at Geneva 
is to that evaporated on the Col-du-Geant in the same time 
and same circumstances as 37 to 84, or nearly as 3:7. Now 
the air on the Col-du-Geant is about 1d rarer than at seni. : 
so that the diminution of about 4d in the density of the a 
more than doubles the rate of evaporation.* This is ‘peice? 
what ought to be the case, provided the water which disap- 
pears mixes with the air in the state of vapour only; but. the 
very contrary ought to hold, if the water disappeared in con- 
sequence of the solr ent power of air. 

In the third place, It has been demonstrated by Dr. Black 
that vapour is water combined: with a certain dose of caloric. 
‘Consequently when water is converted into vapour, a certain 
portion of caloric combines with it and disappears. If} there- 
fore, there is the same waste of caloric whenever water passes 
from a liquid state, and enters into the atmosphere as a com- 
ponent part, we have reason to conclude that it enters into the 
‘atmosphere only in the state of vapour. But it isa well known 
fact that cold is always generated during een evapo- 
ration; that is to say, that the water as it disappears carries 
‘off with it a quantity of caloric. It is well known, that when 
‘a-wet body is exposed to the air, its temperature is lowered by 
the evaporation which takes place upon its surface. Hence, 
dn warm countries water is cooled by putting it into porous 
‘yessels, and exposing it to the air. ‘The water penetrates 
‘through the vessels, evaporates. from their surface, and carries 
‘off so ination heat, as even in some cases to freeze the water in 
‘the vessels. Saussure observed, that the evaporation from the 
‘surface of melting snow caused it to freeze again when the 
‘temperature of the surrounding air was 4:5° above the freez- 
‘ing point. Dr. Black has rendered it probable that the quan- 


. * Saugsure’s Voyages dans les Alpes, iv. 263. 
VOL. III. N 
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Book. tity of caloric which disappears during spontaneous evapora- 
~ tion is as great as that which is necessary to convert water 
into steam. We have a right then to conclude, that water, 
when it evaporates spontaneously, is always converted into va- 
pour, and of course that it is only in that state that it enters 
into the atmosphere. | 
In the fourth place, Mr. Dalton has demonstrated, that the, 
water which exists in air possesses precisely the same degree 
of elasticity that it does when in the state of vapour in a 
vacuum at the same temperature. Hence it follows irresistibly 
that it exists in air, not in the state of water, but of an elastic. 
fluid or vapour. 
We are authorised to conclude, then, that the water which 
exists in the atmosphere is in the state of vapour. 
-- Quantity or IJ. Many attempts had been made to measure the quantity 
Stale ia of water contained in air; but Saussure was the first who at- 
: tained any thing like precision. This ingenious philosopher 
has shown, in his Hygrometrical. Essays, that an English 
cubic foot of air, when saturated with water, at the tempera- 
ture of 66°, contains only about eight grains troy of that li- 
quid, or about 1th of its weight.* But the experiments of — 
Mr. Dalton were susceptible of more precision. As the . 
greatest part of the water of the atmosphere is in the state of 
vapour, the elasticity of which depends upon the temperature, 
| it is obvious that this elasticity, provided it can be ascertained, 


must measure the quantity of vapour which exists in the at- 
mosphere, the temperature being the same. ‘The elasticity or 
force of vapour was determined by this ingenious philosopher 
in the following manner, which had been originally contrived 
pattons by Le Roy: He took a tall cylindrical glass jar, dry on the 
Meta ite Outside, and filled it with cold spring water fresh from the 
itselasticity. well: if dew was immediately formed on the outside, he 
poured the water out, let it stand a while to increase in tem- 
perature, dried the outside of the glass well with a linen cloth, 
and then poured the water in again. ‘This operation was to 
be continued till the dew ceased to be formed, and then the 
temperature of the water was observed ; and opposite to it in 
the table} was found the force of vapour in the atmosphere. — 
This experiment must be conducted in the open air, or at a 
- window; because the air within is generally more humid than 
| -that without. Spring water is generally about 50°, and will 


* Essais sur l’hygrometrie, p. 99. + See Vol. I. p. 61. | 
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mostly answer the purpose in the three hottest months of the chap. 


year: in other seasons an artificial cold mixture is required, 

Irom Dalton’s experiments it follows that the quantity of 
vapour in the atmosphere is variable in quantity. In the tor- 
rid zone its force varies from 0°6 to one inch of mercury. In 
Britain it seldom amounts to 06, but is often as great as 0°5 
during summer. In winter it is often as low as 0°1 of an inch 
of mercury.* _ 

These facts would enable us to ascertain the absolute quan- 
tity of vapour contained in the atmosphere at any given time, 
provided we were certain that the density and elasticity of va- 
pours follow precisely the same law as that of gases, as is 
extremely likely to be the case. If so, the vapour will vary 
from ;/5th to 515th part of the atmosphere. Dalton supposes 
that the medium quantity of vapour held in solution at once 
in the atmosphere may amount to about —,th of its bulk.+ 


SECT. III. 
OF CARBONIC ACID GAS. 


Tue existence of carbonic acid gas as a constituent part of 
the atmosphere was observed by Dr. Black immediately after 
he had ascertained the nature of that peculiar fluid. .If we 
expose a pure alkali or alkaline earth to the atmosphere, it is 
gradually converted into a carbonate by the absorption of 
carbonic acid gas. ‘This fact, which had been long known, 
rendered the inference, that carbonic acid gas existed in the 
atmosphere, unavoidable, as soon as the difference between a 
pure alkali and its carbonate had been ascertained to depend 
‘upon that acid. Not only alkalies and alkaline earths absorb 


carbonic acid when exposed io the air, but several of the me-_ 


tallic oxides also. Hence the reason that we so often find the 


native oxides in the state of carbonates. Thus rvst is always 


Saturated‘with carbonic acid. ates oh 

~ Carbonic acid gas not only forms a constituent part of the 
atmosphere near the surface of the earth, but at the greatest 
heights which the industry of man has been able to penetrate. 


Saussure found it at the top of Mount Blanc, the highest point round at 


of the European continent; a point covered with eternal snow, 
and not exposed to the influence of vegetables or animals, 
Lime-water diluted with its own weight of distilled water 
formed a pellicle on its surface after an hour.and three quar- 
* Dalton, Manchester Memoirs, v. 547. + Phil. Mag. xxxiii, 353. 
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Book I. ters exposure to the open air on that mountain; and slips of 
—~ paper moistened with pure potash acquired the property of 
effervescing with acids after being exposed an hour and a half 
in the same place.* Now this was at a height no less than 
15,668 fect above the level of the sea. Humboldt has more 
lately ascertained the existence of this gas in air brought by 
Mr. Garnerin from a height not less than 4280 feet above the 
surface of the earth, to which height he had risen in an air 
balloon.+ This fact is a sufficient proof that the presence of car- 
bonic acid in air does not depend upon the vicinity of the earth. 
f&tsquantity. The difficulty of separating this gas from air has rendered 
it difficult to determine with accuracy the relative quantity of 
it in a given bulk of air. From the experiments of Humboldt 
it appears to vary from 0°005 to 0°01. 7 
Mr. Dalton’s experiments give the quantity much smaller. 
° He found, that if a glass vessel filled with 102,400 grains of 
rain water be emptied in the open air, and 125 grains of lime 
water be poured in, and the mouth then closed; by sufficient 
time and agitation, the whole of the lime water is just satura-_ 
ted with the carbonic acid which it finds in the inclosed vo- 
lume of air: but 125 measures of lime water requires 70 mea- 
sures of carbonic acid gas to saturate them. Hence he con- 
cludes, that air contains only -,!,,th of its bulk of carbonic acid.f 
From the previous experiments of Mr. Cavendish, however, 
we learn that lime water is not capable of depriving air of the. 
whole of its carbonic acid. A portion still remains, which can 
only be separated cither by milk of lime, or by repeated 
washings with new doses of lime water. Hence the quantity 
of carbonic acid in air must be considerably greater than it 
was found by Dalton. I do not know exactly the meaning of 
lime water being just saturated, unless it signifies that it refuses 
to absorb any more gas. In that case the whole of the lime 
is held in solution by the acid. It must be difficult to ascer- 
tain the exact point of saturation according to this sense of the 
word. We may conclude, however, from Daltcn’s experi- — 
ment, that the bulk of carbonic acid in air does not much exceed 
ath of the atmosphere ; but it is liable to variation from 
different circumstances. Immense quantities of carbonic acid 
must be constantly mixing with the atmosphere, as it is formed 
by -the respiration of animals, by combustion, and several 
other processes which are going on continually. The quantity, 
* Saussure’s Voyages, iv. 199. + Jour. de Phys. xlvii. 202. 
t Phils Mag. xxii, 354. }: 
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indeed, which is daily formed by these processes is so great, Chap. Te 
that at first sight it appears astonishing that the gas does not 
increase rapidly. ‘The consequence of such an increase would 
be fatal, as air containing 0°1 of carbonic acid extinguishes 
light, and is noxious to animals. But we shall find reason 
afterwards to conclude, that this gas is decomposed by vege- 
tables as rapidly as it is formed. 


SECT. IV. 
OF THE OTHER BODIES FOUND IN THE ATMOSPHERE. 


From the three preceding sections, we see that the atmos- Composities 
a / : of the at | 

phere consists chiefly of three distinct elastic fluids united: to- jospheres 

gether by chemical affinity ; namely, air, vapour, and carbonic 

acid gas; differing in their proportions at different times and 


in different places; but that the average proportion of each is 
98°9 air 
1°0 vapour 
0°1 carbonic acid 


a2 


100°0. 


But besides these bodies, which may be considered as the con- Other bas 
stituent parts of the atmosphere, the existence of several other fated tee 
bodies has been suspected in it. I do not mean in this place : 
to include among those bodies electric matter, or the substance 

of clouds and fogs, and those other bodies which are considered 

as the active agents in the phenomena of meteorology, but to 
confine myself merely to those foreign bodies which have been 
occasionally found or suspected in air. Concerning these bo- 

dies, however, very little satisfactory is known at present, as 

we are not in possession of instruments sufficiently delicate to 
ascertain their presence. We can indeed detect several of them 
actually mixing with air, but what becomes of them afterwards 

we are unable to say. 

1. Hydrogen gas is said to have been found in air situated rydrogem 
near the crater of volcanoes, and it is very possible that it may ** 
exist always in a very small proportion in the atmosphere; but 
this cannot be ascertained till some method of detecting the 
presence of hydrogen combined with a great proportion of air 
be discovered. From the experiments of Gay-Lussac and 
Humboldt, it appears that air does not contain so much as 
Tesoth parts hydrogen. 

2. Carburetted hydrogen gas is often emitted by marshes in 


182. 


Book f. 


Contagious 
_ anatter. 


COMPOSITION OF THE ATMOSPHERE. 


considerable quantities during hot weather. But its presence 


has never been detected in air; so that in all probability it is 
again decomposed by some unknown process. 


3. Oxygen gas is emitted by plants during the day. We. 


shall afterwards find reason to conclude that this is in conse- 
quence of the property which plants have of absorbing and 
decomposing carbonic acid gas. Now, as this carbonic acid 
is formed at the expense of the oxygen of the atmosphere, as 
this oxygen is again restored to the air by the decomposition 
of the acid, and as the nature of atmospheric air remains un- 
altered, it is clear that there must be an equilibrium between 
these two processes ; that is to say, all the carbonic acid formed 
by combustion must be again decomposed, and all the oxygen 
abstracted must be again restored. The oxygen gas which is 
thus continually returning to the air keeps its component parts 
always at the same ratio. vg 
4, The smoke aud other bodies which are continually car- 
ried into the air by evaporation, &c. are probably soon depo- 
sited again, and cannot therefore be considered with propriety 
as forming parts of the atmosphere. But there is another set 
of bodies which are occasionally combined with air, and which, 
on account of the powerful action which they produce on the 
human body, have attracted a great deal of attention. These 
are known by the names of matters of contagion... , 
That there is a difference between the atmosphere in differ- 
ent places, as far as respects its effects upon the human body, 
has been considered as an established point in all ages. Hence 
some places have been celebrated as healthy, and others avoided. 
as pernicious to the human constitution. It is well known 
that in pits and mines the air is often in such a state as to suf 
focate almost instantaneously those who attempt to breathe it. 
Some places are haunted by peculiar diseases. It is known 
that those who frequent the apartments of persons ill of. cer- 
tain maladies, are extremely apt to catch the infection; and in 
prisons and other places, where crowds of people are confined 


_together, when diseases once commence, they are wont to make 


dreadful havoc. In all these cases, it has been supposed that 
a certain noxious matter is dissolved by the air, and that it is. 
the action of this matter which produces the mischief, 

This noxious matter is in many cases readily distinguished. 
by the peculiarly disagreeable smell which it communicates to 


the air. No doubt this matter differs according to the diseases 


which it communicates, and the substance from which it has 
originated. Morveau attempted to, ascertain its nature; but 
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he soon found the chemical tests hitherto discovered altogether Chap. !. 
insufficient for that purpose. He has put it beyond a doubt, 
however, that the noxious matter which rises from putrid bodies 
is of a compound nature; and that it is destroyed altogether 
by certain agents, particularly by those gaseous bodies which 
readily part with their oxygen. He exposed air infected by 
putrid bodies to the action of various substances; and he 
‘judged of the result by the effect which these bodies had in 
destroying the fetid smell of the air. ‘The following is the re- 
sult of his experiments. | : 

1. Odorous bodies, such as benzoin, aromatic plants, &c. How de- _ 
have no effect whatever. 2. Neither have the solutions of “°° 
myrrh, benzoin, Xc. in alcohol, though agitated in infected 
air. 3. Pyrolignous acid is equally inert. 4. Gunpowder, when 
fired in infected air, displaces a portion of it; but what re- 
mains still retains its fetid odour. 5. Sulphuric acid has no 
effect; sulphurous acid weakens the odour, but does not de- 
stroy it. 6. Vinegar diminishes the odour, but its action is. 
slow and incomplete. 7. Acetic acid acts instantly, and de- 
stroys the fetid odour of infected air completely. 8. The fumes « 
of nitric acid, first employed by Dr. Carmichael. Smith, are 
equally efficacious. 9. Muriatic acid gas, first pointed out as 
a proper agent by Morveau himself, is equally effectual. 
10. But the most powerful agent is chlorine gas, first proposed 
by Mr. Cruikshanks, and now employed with the greatest suc- 
cess in the British Navy and Military Hospitals. 

Thus there are four substances which have the property of 
destroying contagious matter, and of purifying the air: but 
acetic acid cannot easily be obtained in sufficient quantity, 
and in a state of sufficient concentration, to be employed with . 
advantage. Nitric acid may be attended with some inconve- 
nience, because it is almost always contaminated with nitrous 
gas. Muriatic acid and chlorine are not attended with these 
inconveniences; the last deserves the preference, because it 
acts with greater energy and rapidity. All that is necessary is 
to mix together two parts of common salt with one part of the 
black oxide of manganese, to place the mixture in an open 
vessel in the infected chamber, and to pour upon it two parts 
of sulphuric acid. The fumes of chlorine are immediately ex- 
haled, fill the chamber, and destroy the contagion. Or the : 
oxymuriate of lime, sold for the purposes of the bleacher, may 
be mixed with sulphuric acid, and placed in the infected 
apartment... 
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SECT. V. 
OF THE 3TONES WHICH FALL FROM THE ATMOSPHERE. 


. . 

Nornine can be a more complete proof of the imperfect. 
state of the science of meteorology, than the discovery of facts, 
for which not even a conjectural cause in the smallest degree 
probable can be assigned. Luminous bodies called meteors, 
frre-balls, “Sc. have in all ages been observed in the atmos= 
phere, and many of them have been described by eye-witnes- 
ses. One of the most remarkable of these was the meteor 
which appeared in 1783. It was very luminous, and its dia- 
meter could not be less than 1000 yards. It traversed Britain 
and a considerable part of the continent of Europe with very 
great velocity, and at the height of nearly 60 miles from the 
surface of the earth.* Almost all the meteors observed re-' 
sembled each other. ‘They were luminous, at a great height, 


-moved very swiftly, and disappeared in a very short time. 


Their disappearance was usually accompanied by a loud ex- 
plosion like a clap of thunder ; and it was almost constantly 
affirmed, that heavy stony bodies fell from them to the earth. 
But though several well authenticated accounts of the fall of 
such stones had been from time to time published, little cre-’ 
dit was given to them; nor did they indeed attract the atten- 
tion of plilosophers, till Dr. Chladni published a dissertation 
on the subject in 1794. Two years after Mr. King published » 
a still more complete collection of examples, both ancient and 
modern; many of them supported by such evidence that it: 
was Impossible to reject it. These two dissertations excited ’ 
considerable attention: but the opinion, that stones had really » 
fallen from the atmosphere, was considered as so extraordi- 
nary, and so contrary to what we know of the constitution of 
the air, that most people hesitated or refused their assent. 


‘Meanwhile Mr. Howard took a different method of investi- 


gating the subject. He not only collected all the recent and’ 
well authenticated accounts of the fall of stony bodies, and 
examined the evidence of their truth, but procured specimens - 
of thestones which were said to have fallen in different places, — 
compared them together, and subjected them toa chemical ana- 
lysis. The result was, that all these stony bodies differ com- 
pletely from every other known stone; that they all resemble — 


* See Cavallo’s description of it, Phil. Trans. 1784. 
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each other, and that they are all composed of the same ingre- Chap. I. 
dients. His dissertation on the subject was published in the 
Philosophical 'Transactions for 1802. ‘The proofs which this 
admirable dissertation contains, that the stony bodies in ques- 
tion really fell from the atmosphere, are quite irresistible. In- 
deed their external characters and chemical analysis would 
alone decide the point: for it is quite inconceivable that in 
India, England, France, Germany, and Italy, in climates and 
in soils exceedingly different from each other, stones. should 
have been pointed out which differed from every other mineral 
in the countries where they were found, and which exactly re- 
sembled one another, provided these had not had the same 
origin. ‘The chemical analysis of Howard was soon after re- 
peated and verified by Vauquelin* and Klaproth.t 

1. Most of the stones which have fallen from the atmosphere Table of the 
have been preceded by the appearance of luminous bodies or (nee 
meteors. ‘These meteors burst with an explosion, and then the ipa 
shower of stones falls to the earth. Sometimes the stones con- stones. 
tinue luminous till they sink into the earth ; but most commonly 
their luminousness disappears at the time of the explosion. 
These meteors move in a direction nearly horizontal, and they 
seem to approach the earth before they explode. ‘The follow- 
ing table, drawn up by Mr. Izarn, exhibits a collection of the 
best authenticated instances of the falling of stones from the 
atmosphere hitherto observed, together with the time when 
they fell, and the persons on whose evidence the fact rests. 


* Ann. de Chim. xly. 225. + Phil. Mag. xv. 182. t Ibid. xvi. 298. 
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2. ‘The stony bodies when they fall are always hot. They chp.r 
commonly bury themselves some depth under ground. Their 
size differs from a few ounces to several tons. Pie are usually Stones usu- 
roundish, and always covered with a black crust. In many 7), 0rered 
cases they smell strongly of sulphur.. The black crust, from e™*: 
the analysis of Howard, consists chiefly of oxide of iron. 

3. The outer. surface of these stones is rough. When Their com- 
broken, they appear of an ash-grey colour, and Be a granular 
texture like a coarse sandstone. When examined with a mi- 
croscope, four different substances may be discovered of which. 
the stone is composed: 1st, A number of spherical bodies, va- 
rying in size from a pin-head to a pea, of a ereyish-brown co- 
lour, opaque, breaking easily in every direction, of a compact | 
texture, capable of ser matching glass, and of giving a few feeble 
sparks with steel. 2d, Fragments of ae of an indetermi- 
nate shape, of a reddish-yellow colour, granular, and easily 
reduced to powder. The powder has a black colour. 3d, 
Grains of iron in the metallic state, scattered like the pyrites 
through the stone. ‘4th, The three substances just mentioned 
are Wpivented together by a fourth of an earthy consistence, 
and so soft that all the other substances may be easily sepa- 
rated by the point of a knife or the nail, and the stone itself 
crumbled to pieces between the fingers. “This cement is of a 
grey colour.* ‘The proportion and size of these different con- 
stituents vary considerably in different specimens; but all of 
them bear a striking resemblance to each other. Their spe- 
cific gravity varies from 3°352 to 4°281.+ 

4, Brom the analysis of Howard, which was conducted with Their che- 
much precision and address, and which has been fully con- ae 
firmed by Vauquelin and Klaproth, we learn that the black 
crust consists of a compound of iron and nickel, partly metal- 
lic, and partly oxidized. The pyrites consist of iron, nickel, 
and sulphur. The metallic grains consist of iron, combined 
with about 1d of its.weight of nickel, and the yellow globules 
are composed of silica, magnesia, iron, and nickel. The Count 
Bournon observes, that ited globules resemble the chrysolite 
of Werner, and that their change analysis Teens ex- 
actly with Klaproth’s analysis of that mineral. The earthy 
cement consists of the very same substances, and nearly in the 
same proportions as the globular substances. But it will be 
hecessary to exhibit a specimen. of some of the analyses, as 


* Beurnon, Phil, Trans. 1802. ¢ Ibid. 
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Book f.. published by the philosophers to whom we are indebted for 


them. A stone which fell at Benares in India was analysed — 
by Howard. The pyrites consisted of 
2°0 sulphur 
10°5 iron 
1:0 nickel 
2:0 earths and foreign bodies 


15°5 


The spherical bodies of 50:0 silica 
15:0 magnesia 
34°0 oxide of iron 
2°5 oxide of nickel 


= eee 


101°5 


The earthy cement of 48:0 silica 
18°0 magnesia 
340 oxide of iron 
2°5 oxide of nickel 


102°5 
A stone which fell in Yorkshire, deprived as much as possible 
of its metallic particles, gave Mr. Howard from 150 grains - 


75 silica 

37 magnesia 

48 oxide of iron 
2 oxide of nickel 


See 


162 


The increase of weight was owing to the oxidizement of the 
metallic bodies, 

Stones which fell at Laigle in France, in 1803, yielded, by 
the analysis of Vauquelin and Fourcroy, 


54 silica 

$6-oxide of iron 
9 magnesia 
3 oxide of nickel 
2 sulphur 
1 lime - 


105* 
* Phil. Mag. xvi. 302. 
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The following table exhibits the result of the most remark- 


| | ; 
able analyses of such stones, which have been made since the 


publication of Howard’s paper on the subject. 


) if t t § 
sy aa EI ea OOS ete POU oh oie ea OU ice at eer 
AR esis os alt a's CSO Fe MOE tae!) Paes ee 
Chromium ...... BE a ian AN RRR EONS Bel SEAS 
Oxide of iron..... —— .... 25°00 .... ——— .... 31°00 
Sulphur ........ 3°50 .... 3:00 .... ~— .... —— 
fore. te 400 22. . 38°00. Ss ASO Fr sore0 
Magnesia ........ BOODLE ee TOU te tee GTO 
Sere ee ee OR GRO SS OPIS ee BO oe ae 
meriiniina 84 PG OG! Oe) PASO Fe ee 
Magnesia .......’ Cra epi Cae Berlin et Ais 


Stromeyer has lately announced the discovery of cobalt in 
the meteoric iron from the Cape of Good Hope.|| 

From the preceding analyses, it is obvious that there are se- 
veral different kinds of meteoric stones; so that if we were to 
arrange them according to their composition, they might be 
divided into at least three or four species. It deserves atten- 


tion that the metals found in them are iron, nickel, chromium, 


and cobalt. Now these constitute the whole of the magnetic 
metals. | 

_ 5. The experiments of Howard, thus confirmed by others, 
and supported by the most respectable historical evidence, 
having demonstrated that these stony bodies really do fall from 
the heavens, it was natural to expect that various attempts 
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Chap. I. 


Conjectures 
respecting 
their origin. 


would be made to account for their appearance. But such is - 


the obscurity of the subject, so little progress have we made in 
the science of meteorology, that no opinion in the slightest 
degree probable has hitherto been advanced. It was first sup- 
posed that the bodies in question had been thrown out of vol- 
canoes; but the immense distance from all volcanoes at which 
they have been found, and the absence of all similar stones 
from volcanic productions, render this opinion untenable. 
Chiadni endeavoured to prove that the meteors from which 


* Klaproth, v. 252. The stone fell at Lissa in 1808. 

+ Ibid. p. 255. The stone feil at Smolensk in 1807. 

t Ibid. p. 261. Thestone fell at Stannern in 1808. 

§ Vaucuelin, Ann. de Chim. et Phys. 1.53. The stone fell at Langres in 
1815. | 

|| Annals of Philosophy, ix. 249. 
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Waters, 


COMMON WATERS. 


they fell were bodies floating in space, unconnected with any — 


planetary system, attracted by the earth in their progress, and 


kindled by their rapid motion through the atmosphere. But 


this opinion is not susceptible of any direct evidence, and can 


scarcely be believed, one would think, even by Dr. Chladni | 


himself. Laplace suggests the probability of their having been 
thrown off by the volcanoes of the moon: but the meteors 
which almost always accompany them, and the swiftness of 
their horizontal motion, militate too strongly against this opi- 
nion. ‘The greater number of philosophers consider them, 
with Mr. King and Sir William Hamilton, as concretions ac- 
iually formed in the atmosphere. This opinion is undoubtedly 
the most probable of all; but in the present state of our know- 


ledge, it would be absurd to attempt any explanation of the 


manner in which they are formed. The masses of native iron 
found in South America, in Siberia, and near Agnam, contain 
nickel, as has been ascertained by Proust, Howard, and Klap- 
roth, and resemble exactly the iron found in the stones fallen 
from the atmosphere. We have every reason therefore to as- 
cribe to them the same original : and this accordingly is almost 
the uniform opinion of philosopher s. Klaproth has shown 
that real native iron is distinguished from meteoric iron by the 
absence of nickel.* . 
Upon the whole, we may consider these stony and metallic 
masses as fragments of fire-balls which have burst in the at- 


mosphere; but the origin and cause of these fire-balls will per- 


haps for ages baffle all the attempts of philosophers to explain 
them. 


BOOK II. 
OF WATERS. 


Mankinp must have observed very early, that the waters 
which exist in such abundance in almost every part of the 
earth, differ considerably from each other in their taste and 
transparency, and in their fitness for serving as vehicles for 
food, and for the various purposes of domestic economy. ‘These 
differences are occasioned by the foreign bodies which the 
aqueous fluid holds in solution or suspension 5 for water is 
never found native in a state of complete POL In some cases 


* Gehlen’s Jour. 1. 8. 
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the quantity of these foreign matters is-so minute as to have Chap. 1. 
but little influence on the taste or the other properties of water ; 

but in other cases, the foreign bodies alter its properties alto- 
gether, and render it noxious, or medicinal, or unfit for the 
preparation of food. In the present book I shall take a ge- 

neral view of the different springs and collections of water ; 

and give an account of their properties and component parts, 

as far as they have been hitherto ascertained. Now -waters pivisibie 
may be very conveniently divided into three classes : 1. Waters inte three 
which may be used for dressing food, and the other purposes 

of domestic economy to which water is usually applied. ‘These, 

for want of a better name, may be called common water. 2. Sea 

water. .3. Those waters which have been called mineral, in 
consequence of the notable quantity of mineral substances 

which they contain.—These three classes of waters shall form 

the subject of the three following chapters. 


CHAP. I. 
OF COMMON WATERS. 


Goop water is as transparent as crystal, and entirely colour- 
less, It has no smell, and scarcely any taste; and in general 
the lighter it is so much the better. If we compare the dif- 
ferent waters which are used for the common purposes of life 
with each other, and judge of them by the above standard, we 
shall find them to differ considerably from each other, accord- 
ing to the circumstances of their situation. These waters may 
be reduced under four heads; namely, 1. Rain water ; 2. Spring 
and river water; 3. Well water; 4. Lake water. 

1. Rain water, unless when near a town, or when collected rain water. 
at the commencement of the rain, possesses the properties of 
good water in perfection, and is as free from foreign ingre- 
dients as any native water whatever. The substances which 
it holds in solution are air, carbonic acid, carbonate of lime, 
and, according to Bergman, it yields some traces of nitric acid, 
and a little of muriate of lime.* . The existence of air in water 
was first pointed out by Boyle. Scheele first observed that 
this air contained a greater proportion of oxygen than com- 
mon air. The quantity of air in good water does not ex- 


* Bergman, i. 87, 


“er 
| 


‘ 7 
192 ‘COMMON WATERS. 
Book It. ceed 1th of the bulk. One hundred cubic inches of water 
, contain generally about one cubic inch of carbonic acid gas. 

It is to the presence of these two elastic fluids that water owes ~ 
its taste, and many of the good effects which it produces on _ 
animals and vegetables. Hence the vapidness of newly boiled 

Snow water. water from which these gases are expelled. Snow water, 
when newly melted, is also destitute of all gaseous bodies.* 
Hence the reason that fish cannot live in it, as Carradori has 
ascertained.; Hassenfratz, indeed, has endeavoured to prove 
that snow water holds oxygen gas in solution; but in all pro- 
bability the water which he examined had absorbed air from 
the atmosphere. : 

How puri- The quantity of muriate of lime contained in rain «water 

wee must be exccedingly minute; provided Morveau’s assertion, 
that rain water may be roider ed sufficiently pure for chemical 
purposes by dropping into it a little barytes water, and then 
exposing it for some time to the atmosphere, and allowing 
the precipitate formed to deposite, be well founded. Accord- 
ing to this philosopher, the rain water which drops from the 
roofs of houses, after it ‘has rained for some time, contains 
only a little sulphate of lime, which it has dissolved as it 
trickled over the slates. { 

If meteoric stones: be really formed in the atmosphere we 
have reason to expect a greater proportion of foreign bodies 
in rain water at some seasons than others. It is not unlikely 
that some light might be thrown upon the decompositions go- 
ing on in the atmospher @; by examining the solid substances 
left behind when rain water is evaporated. 

Sra re 2. The water of springs is nothing else than rain water, 
which, gradually filtering through the earth, collects at the 
bottom of declivities, dtid inkaes its way to the surface. Iti is, 

: therefore, equally pure with rain water, provided it does not _ 
meet with some soluble body or other in its passage through 

‘the soil. But as this is almost always the case, we venernly 

find, even in the git a: spring water, a little carbonate of 

lime and common salt, besides the usual proportion of air and 
carbonic acid gas. Sometimes also it contains muriate of 
lime or a little carbonate of soda.§ Dr. Henry expelled the 
air from a portion of spring water by boiling; 100 cubic 
inches of the water yielded 4°76 inches of gas. This gas he 


& 


* Bergman, i. 87. } + Jour. de Phys. xlviii. 226. 
J Ann, de Chim. xxiv. $21, § Bergman, i. 88. 


COMMON WATERS. : 


198 . 


found a mixture of 3°38 inches of carbonic acid, and 1°38 of chap. r. 


atmospheric air.* Bergman found the springs about Upsala, 
which are reckoned exceedingly pure, to contain the following 
foreign bodies: 


1. Oxygen gas, 5. Common salt, 

2. Carbonic acid, - 6. Sulphate of potash, 
3. Carbonate of lime, 7. Carbonate of soda, 
4. Silica, — 8. Muriate of lime. 


The whole of these ingredients amounted at an average 
to. 0°0004 parts; and the proportion of each of the solid bodies 
was as follows: 

Carbonate of lime.. 5°0 ‘Muriate of lime.... 0°5 
Common salt..... 00 Sulphate of potash. . 0°25 
Meee et ws ee O'S Carbonate of soda.. 0°25 


River waters may be considered as merely a collection of rive 
spring and rain water, and therefore are usually possessed of “™ 


a degree of purity at least equal to these. Indeed, when their 
motion is rapid, and their bed siliceous sand, they are gene- 
rally purer than spring water; depositing during their motion 
every thing which was merely mechanically suspended, and 
retaining nothing more than the usual proportion of air and 
carbonic acid gas, and a very minute quantity of carbonated 
lime and common salt. When their bed is clayey, they are 
usually opal-coloured, in consequence of the particles of clay 
which they hold in suspension. 


The specific gravity of Thames water is 1:000043 
Ee EEE ..... Clyde water .... 1:000024 


The foreign bodies in the water of the river Clyde, are as 
follows: 10,000 grains contain .1°3 grain of foreign matter 
composed : of 

Saline bodies ........ .. 0°788 
Carbonate of lime ...... 0°394 - 
Sa ey OE LO epee 


1°300 
The salts are, 
Muriate of soda......... 0°369 
Muriate of magnesia..... 0°305 
Sulphate of soda........ O*114 


0788 | 
| * Nicholson’s Jour. v. 237. | 
VOL. III. O 
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3. By well water is meant the water which is obtained by 


Wel water, digging deep pits, which is not in sufficient quantity to over- 


Ward wa- 


Water of 
Jakes. 


flow the mouth of the well; but which may be obtained in- 
abundance by pumping. It is essentially the same with spring - 
water, being derived from the very same source; but it is 

more liable to be impregnated with foreign bodies from the 

soil, in consequence of its stagnation or slow filtration. Hence 

the reason that well water is often of that kind which is dis- 

tinguished. by. the name of hard water, because it does not 

dissolve soap, and cannot be used for dressing several kinds 

of food. ‘These properties are owing to the great proportion 

of earthy salts which it holds in solution. The most.common 
of these salts is sulphate of lime. These earthy salts have the 

property of decomposing common soap: their acid unites 

with the alkali of the soap, while the earthy basis forms with 

the oil a soap not soluble in water, which envelopes the 

soap and gives it a greasy feel. ‘These waters may be in 

general cured by dropping into them an alkaline carbonate. 

Mr. Sennebier has shown that well water usually contains a 

greater proportion of carbonic acid gas than spring or river 

water. 

4, 'The water of lakes is merely ‘a collection of rain water, 
spring water, and river water, and of course contains precisely 
the same heterogeneous salts: but it is seldom so transparent 
as river water, being usually contaminated with the remains 
of animal and gepetuile bodies which have undergone putrefac- 
tion init. Tor as lake water is often nearly stagnant, it does 
not oppose the putrefaction of these bodies, but rather pro- 
motes it; whereas in river water, which is constantly in mo- 
tion, no putrefaction takes place. Hence the reason of the 
slimy appearance and the brownish colour which often dis- 
tinguishes lake water. 

Marsh water contains a still greater proportion of animal 
and vegetable remains than lake water, because it is altogether 
stagnant. Moss water is strongly impregnated with those 
veeetable bodies which constitute mosses, and usually ale 
contains iron. 

When water is kept in casks during sea voyages, it soon 
becomes putrid and offensive. ‘This is owing to the action of 
the water upon the cask, a portion of which it dissolves. 
Berthollet suggested the charring of the inside of the cask as 
an effectual remiealy, The experiment has been successfully 
tried in a long sea voyage of Krusenstern, a Russian captain. 


SEA WATER. 


Charcoal powder: acts effectually, but it is troublesome, and 
soon loses its:property.* 


ERE 


CHAP. II. 


OF SEA WATER. 


Tue ocean is the great reservoir of water into which the 
lakes and rivers‘empty themselves, and from which is again 
_ drawn by evaporation that moisture which, falling in showers 
of rain, fertilizes the earth, and supplies the waste of the springs 
and.rivers. ‘This constant circulation would naturally dispose 
one to believe, a priori, that the waters of the ocean do not 
differ much from the waters of rivers and lakes: but nothing 
would be more erroneous than such a conclusion; for the sea 
water, as every one knows, differs materially from common 
water in its taste, specific gravity, and other properties. It 
contains a much greater proportion of saline matter, parti- 
cularly of common salt, which is usually extracted from it. 
Indeed, if the sea were not impregnated with these saline bodies, 
the putrefaction of the immense. mass of animal and vege- 


RGB: 
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eed 


table matter which it contains would in a short time prove > 


fatal to the whole inhabitants of the earth. 

The absolute quantity of sea water cannot be ascertained, 
as. its mean depth is unknown. Mr. De la Place has demon- 
strated, that a depth of four leagues is necessary to. reconcile 
the height to which the tides.are known to rise in. the main 
ocean with the Newtonian theory of the tides.; If we suppose 
this to be the mean depth, the quantity of water in the ocean 
must be immense. Even on the supposition that its mean 
depth is not greater than the fourth part of a mile, its solid 
conter.ts (allowing its surface to be three-fourths of that of the 
superficies of the earth) would be $2,058,9392. cubic miles. 

Sea water has a very disagreeable bitter taste, at least when 
taken from the surface or near the shore; but when brought 
ap from great depths, its taste is only saline.t Hence we 
learn that this bitterness is owing to the animal and vege- 
table substances with which it is mixed near the surface. lis 


* Ann. de Chim. lix. 96, and Geblen’s Jour. 2d series, 1. 645. 
tT Mem. Par. 1776, p. 218. ¢ Bergman, i, 180. 
02 | | 


Quantity of 
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Its proper- 
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Book 1. specific gravity varies from 10269 to 1:0285.* It does not 
—~— freeze till cooled down to 28°5° + of Fahrenheit’s scale.>. 

Sea water has been examined by many chemists, and various | 
accurate sets of experiments made to determine its consti- 
tuents.. The following table exhibits the quantity of salts con- 
tained in 10,000 parts of sea water. According to the result 
of these experiments : 


fx mdoe ledaglort? all itpbaneeie 


Camrniren sree ote ih. 3d 137°59| 284-19] 55°75 | 72 91)106-04} 251 
Sulphate of magnesia....../ § gpg) _ 2°3 —_ 0-86} 57°8 
Sulphate of soda ......... ; 279 | — oe _ 
Muriate of magnesia...... 15°62} 67°65} 10-41 | 7:31] 48°17] 35 
Muriate of lime .... ..... 20°38) — — | 31:25; — ~— 
Sulphate of lime.......... 3°47; 8-01] 208] 7°81} 521 15 
A ma ais 
tt | te] ss | sg] 68 fm 
Common salt .........2--- 251 251 | 242-51/ 245-04) 220-01) 266 
“Sulphate of magnesia...... 578 |7/62:5 7°86) 17°04) — _ 
Sulphate of soda.......... — — 9:99) 2°66! 33°16) 46°6 
Muriate of magnesia ...... 35 32-5 | 34°49) 28-63) 42-08) 51 54 
Muriate of lime..........- — -~ —_ -— 7°84) 12°32 
Sulphate of lime.........-. 1) 15 9°45) 9:72) — — 


po 


* Bladh, Kirwan’s Geological Essays, p. 355. 

+ Nairne, Phil. Trans. 1776, Part First. 

+ Lavoisier, Mem. Par. 1772, p. 555. The analysis occurs in a disserta-- 
tion on the use of alcohol in the analysis of mineral waters. 

§ Bergman. Opusc. 1. 182. 

’ | Lichtenberg, Schweigger’s Journal, ii. 256. It was water of the 
Baltic. He found, likewise, carbonate of lime 0°83, carbonate of mag- 
nesia 0°41, and 2°6 cubic inches of carbonic acid gas. , 

** Pfaff, ibid. It was also Baltic water. He obtained, likewise, 1°3 of 
carbonate of lime. 

++ Link, ibid. It was also Baltic water which he analysed. He ob- 
tained, likewise, 0°41 of resinous matter. 

it Bouillon Lagrange, and Vogel, Annals of Philosophy, iv. 206. The 
first was water from the English Channel, the second from the Bay of Bis- 
cay, and the third from the Mediterranean. The first two contained 2, and 
the last 1 of carbonates of lime and magnesia. The first two contained 2°3, — 
and the last 1:1 of carbonic acid gas. 

§§ Murray, Edin. Trans. viii. 205. The first analysis was performed ac- 
cording to the mode followed by Lavoisier ; the second, according to the 
common mode; and the third exhibits what Dr. Murray considers as the 
true constituents of sea water. The water analysed was of the. Frith of 
Forth, of the specific gravity 1:029. 

\| || Dr. Marcet. Phil. Trans. 1819, p. 191. The water analysed was 
brought by Capt. Hall from the middle of the North Atlantic ocean, N. lat. 
254°, W. long. 324°. Its specific gravity was 1°02886. / 
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Besides these constituents Dr. Wollaston has shown that cbap..n. 
sea water contains about zosoth of its weight of potash. ——~ 


This alkali he thinks exists in sea water aaieed to sulphuric 
acid.* a 

The analyses of mer enbens Pfaff, and Link were of the 
Baltic Sea, near the island of Troi wid where it merely tastes 
brackish, and has a specific gravity. of 1°0070!.  Bergman’s 
analysis was of water from the latitude of the Canaries, 
brought by Sparrman for the purpose of analysis. The spe- 
cific gravity of the sea water, in that latitude, is nearly a 
maximum ; yet the quantity of common salt found by Berg- 
man was unusually great. ‘The water examined by Lavoisier 
was from the English channel. The experiments of Dr. 
Murray Peeters: that the salts obtained from sea water 
vary according to the mode of analysis. Hence it follows 
obviously that the real contituents cannot be detected by eva- 
poration and the crystallization of the salts. His supposition 
that all the constituents of sea water are muriates, except sul- 
phate of soda, and that when the salts are concentrated by 
evaporation the muriates of lime and magnesia decompose 
the sulphate of soda, forming sulphates of lime and of mag- 
nesia, is very plausible and probable. We may, therefore, 
consider the last column but one of the preceding table as ex- 
hibiting a tolerable approximation of the saline contents of 
sea water, in the neighbourhood of the British islands. I con- 
ceive that the hs proportions of salt amounts to about 3°5 per 


cent. or about —- sar part. 


As far as experiment has gone, the proportion of saline ta different 
contents does not differ much, whatever. be the latitude in?!" 
which the water of the ocean is examined. Lord Mulgrave, 
in north latitude 80°, and GO fathoms: under ice, found the 
saline contents of sea water 0°0354; in latitude 74°, he found 
them 0°036; in latitude 60°, 0:034. Pages found sea water 
taken up in north latitude 45° and 39° to contain 0:04 of 
saline contents; and Baumé obtained by analysis, from water 
taken up by Pages in north latitude 34° and 14°, exactly the 
same proportions of saline matter. In southern latitudes 
Pages found the following proportions of saline matters : 


* Phil. Trans, 1819, p. 199. 
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From the experiments made by Bladh on the specific gravity 
of sea water in different latitudes it appears that the water 
contains more salt at the tropics than towards the equator. 

If we were acquainted with the proportion between the sa- 
line contents of sea water and its specific gravity, it would be 
easy in all cases to ascertain the quantity of saline matter 
merely by taking the specific gravity of water we wish to exa- 
mine. ‘I’his would require a set of experiments on purpose; 
dissolving in pure water different quantities of the salts-con- 
tained in sea water in the proportions which. they bear to each 
other, and ascertaining the specific gravity of every such so- 
lution. Dr."Watson has given us a table for ascertaining 
that point, as faras common salt is concerned; and as the 
salt which he used was not perfectly pure, but contained a 
mixture of the different salts usually found in the ‘sea, we may 
consider it as very nearly determining the proportion of sa- 
line contents in sea water as far as it goes. ‘This table there- 
fore I shall here insert.* | 


Propor. Specific Propor. Specific prmnaed Specific 
of salt. gravity. || of salt, grayity. of salt. gravity. 
O || 4000") 2, | #082] 2, 1 HOOT 
+ | 1:206)) gy || dr029 } 45 ih2:006 
4) | 0560 oe | ava274), 2. aneos 
+ | ath2i |) ay 44025) =i. .|.2:004 
fe ohtIQ7 | cle | 024d oe Lape 
+ | 1096) 35 | 1023.) .1, | 1°0029 
At MOST te e020) ot . | Fone 
PO OTe 2 SOTO: STH eOre 
vr | 059) = | 1015'| 71. | 12-0017 
sis | 1048], 2, | 1018] 2. | 1-0008 
ar | 1:045|/ =, | 1012] —2,. | 1:0006 
es 1°040 | ar 1°009 


‘ 


* Watson’s Chemical Essays, v. 91. 
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This table was calculated at a temperature between 46° Chap. Th 


and 55°; but Mr. Kirwan has reduced part of it to the 
temperature of 62°, in order to compare it with the specific 
gravities of sea water taken at that temperature, or at least re- 
duced to it. “The specific gravities, thus altered by Kirwan, 
are as follows: 


Propor. of Salt. Spec. Grav. at 62° 
vi ar 202 @ 8 6 @e e@e 8 1°0283 
aaotdi. Lauand)'170275 
ay eveecveeece@ @ 1°:0270 
27 o9oe eee @e @ © 1°0287 
SU ee i ell aes 
ay ob © 0 ©3509 0 e® @e 1°0233 
37 @eeeeoeoeevee#v8 @ 1‘0l 85 
are e@,0 e@ 8 eo 9-0 @ 6 1°0133 
Bess @e @060% © 016 @ 10105 
ie beri ahs ai LOOK 
eS, ee @e0@eeeee 8 @ @ 1°0023 


This table will enable us to ascertain the saline contents of 
sea water in different parts of the Atlantic and Indian oceans, 
from the following table of the specific gravity of sea water in 
different parts of these oceans, which I have constructed from 
the experiments of Bladh, Horner, John Davy, and Marcet. 
Bladh’s experimental results;are transcribed by Kirwan into 
his Geological Essays (p. 350), where I had an opportunity of 
making myself acquainted with them. M. Horner accom- 
panied Captain Krusenstern in his voyage round the world in 
the capacity of astronomer. The results of his experiments 
have been published in the third volume of Krusenstern’s 
voyage.* Dr.John Davy collected specimens of sea water 
in different latitudes during a voyage from England to ‘Cey- 
lon. He took the specific gravities of these specimens, and 
the results were inserted in the Philosophical Transactions for 
1817 (p. 275). Dr. Marcet made a collection of 68 specimens 
of sea water from different parts of the ocean. Their specific 
gravities, as determined by him, were inserted in the Philoso- 
phical Transactions. for 1819 (p. 169). Bladh’s longitudes 
are reckoned from Teneriffe; the others are from Greenwich, 


* They are inserted in Gilbert’s Annalen, Ixiii. 159. Hence I ‘have 
taken the results inserted in the table. 
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Specific gravity 
of the 


Latitude. Longitude, 
t ’ Sea water, 


ed 


os 


| ? 


d 1)80° 29’N| 11° 0’E/ 1°02684 |From a depth of 305 fa- 
| thoms. 
d 2\80 28 |10 20 | 1:02680|From bottom depth +185 
fathoms. 
d 2|80 26 | 10 30. || 1°02715 |Ditto, depth 237 fathoms. 
d 4180 26 | 10 30 1:02714 |Ditto ditto. 
ad 5/79 57 | 11 15 || 1:0267 |From a depth of 34 fa- 
thoms. 
d 6/76 33 1:02664 |Ditto 80 fathoms. 
d 7176 32 | 76 46W)/| 1:02622 |Ditto. 
d 8\75 54 | 65 32 || 1:0259 |Ditto. 
d 9/75 14 4 49 KE)! 1:02727 |From a depth of 756 (?) 
fathoms. 
@d10175 14 4 49 1°02727 | rom surface. 
ad 11/74 50 59 30W)||. 1°02619 |Ditto. 
d12\66 50 | 68 80 1:02555 |'rom a depth of 80 fa- 
thoms. 
d 13 \63 AQ 55 38 1:0267 |Ditto. 
b 14/60 30 5 0 1:0271 
@15159 40 | 14-46 |! 1:03004|From surface. 
al16\59 39 8 48 E||. 1°:0272 
a.17\57 .18 18 48 1°0269 
418 57 ] 1 22W]|| 1:0272 
619|56 0 |19 O08 10059 |Baltic. | 
d 20 \56 22 1:02656 |Near the west coast -of 
: Jutland. 
b 21 |55 @) 19 OW| 1°0275 
d22\54 0 4 30 1:0268 |Calf of Man, Irish Sea. 
a 23 \54 0 4° 45 1°0271 
b 24154 30 (217 0 1:0077 
92 
47 || Between the island of 
50 Sachalin and Tar- 
46 ( tary. 
15 || 
15 |j 
; a ie ‘ ae ; ied North end of the island 
199 Sachalin. 
AQz\53 45 0 20 1°0267 |Near Hull. 
528153 ° 0° |216 °oO 1:0212 {North end of the island 
Sachalin. 
5.29 153 O (207 0 1°0244 


pe the Ochotchiscan 


Sea. 
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Table continued. 


Nos. 


Latitude. 


52° 


aod 


51 


2. |50 
49 


48 


Longitude. 


o’N/20i° 
QO |200 
O {197 
QO {216 
O {202 
25 10 
D5 > 6 
53 10 
28 13 
@) 48 
O j2Z16 
QO |!196 
20 45 
10 15 

32 a 
7 1 
ere 19 
O° {Z1% 
54 15 
48 16 
41 (0) 
O {220 
O {198 
0 36 
5 21 
5A 29 
4.0 1 
14 A 
O {230 
0 204 
mn BD 22. 
QO |295 
) 4] 
50 0 
25 23 


Specific gravity 


of the 
Sea Water. 
O’WI| 10246 
O |). 1:0249 
6) 10221 
0 1:0197 
6) 1°:0278 
20 1°0251 
34 ||, 1°03002 
28 1°:0264 
50 1°0256 
0 1'02646 
0 1°0233 
0 1°0248 
10 1°:02816 
0 1°02934 
4 1:0276 
0 Ei} 1°:0276 
1°0258 
248 
“OW||, 1°0221 
4:7 1°0256 
34 10256 
$0 KE}. 1:0276 
OW|) 1:0256 
0) 10270 
0 1:0286 
» 35 1:0286 
5 1:0270 
18 || 1:0280 
5OW|| 1:0264 
0 1°0264 
274: 
0 1°0265 
24: 1:0260 
0) 1°0278 
0 1°0290 
0 1°0281 
5 1°0260 


Rn OU Emenee renin, aetna ee See net 


201 


Chap. II. 


In Patience Bay, near a © 


river. 
From a depth of 80 fa- 
thoms.. 


Coast of Canada. 
Kast side of Cape Aniwa. 


From a depth of! 250 fa- 
thoms. 


At Strogonoff Bay, 
near Jesso. The first 
from surface, second 
from 50 fathoms. 

Aniwa Bay, 2 miles from 
land, 15 fathoms deep. 


Cape der Russen, Japan. 


} Harbourof Nangasaki, 


at high water. 
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SEA WATER. 
Table continued. 
Specific gravity 
Nos. Latitude. Longitude. of the | 
Sea Water. - 
b 28° O’N} 39° of 1°0295 © 
C 126 386 93 15 1°0273 
b 26 0 37 0) 10295 
ad 68125 30 32 30 1:02886 | 
b 25 @) 37 0 1°0295 
a DA 0 By (Ge 1°0284 
b 25 O }F82 @) 1°0274 
b pA oO {181 0 1°0280 
b 99. 1942. G 1:0272 {Near Macao. 
c 19 i OG ule 1°0256 
b 19 O |246 0 1:0281 
a 18 28 3 2A 10281 
mh 16 36 Bi enSl 1°0277 
Cc 16 47 Qo ie 1:0267 
c FOILS = «& 21 26 1:0276 
a 14 56 3 46 1:0275 
C 12 56 20 202403276 
d 13. O 74 © Ell 1:02772 |Off Cochin. 
d 10 50 24 26W|) 1:02825 
a 10 30 3 49 1:0272 
b 10 O {250 O 1°:0262 
eng 9 42 19 20 1:0276 
Cc 8 23 19 16 1:0277 
d 7 0 | 80 0 E| 1:0309 |Off Colombo, Ceylon. 
aes 6 57 19 10W|| 1:0277 . 
b 6 O |254 0. || 1:0270 |From a depth of 25 fa- 
thoms. 
figs 5 50 3 %8 1°0274 
6: A 9 19 #415 1°0277 
Cc A 4 18 44 1:0275 
Cc A O 18 30 1:0270 
d A 0) 23 O 1°02772 
b & © | 23 > O WH at0e86 After six hours rain. 
d 8. 28 81 4 E}| 1:03022 
Cc 2 58 18 44W|| 1:02700 
a99|2 20 | 3 26 |) 10271 
a100}; 1 25 3 30 1:0273 
ColLO14, Lar 20 A a 1°0264 
ad 10Z!| O 0 25 30 1°02825 
a103| 0 6) 23 ) 1:02785 
a104}| 0 O 83 O El} 1:02807 | 
ad105| 0 O 92 @) 1°02692 
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SEA WATER. 
Table continued. 


1|Specific gravity 


Longitude. of the 


Sea water. 


40 Ls be ste 
20 170264 
B35: 1:0253 
O 1°0279 
0) 1°0277 
0 1°02895 
0 1:0281 
10) 1°02920 
5 1°0285 
25 1:0263 
7 1°02980 |At Pernambucco. 
0 1°0285 
50 1°:0285 
O |) 1°02819 
25 1°0259 
50 1°0264 
0 E|| 1:02831 
30 1703209 
9OW | 1:0281 
0 EF} 1:02715 |Mosambique. 
}2 1:0279 
OoW|| 1°:0256 
O |-1:0O274 | 
0 1°0276 
18 1:0260 
31 1°0251 
51 1°0259 
0 1‘0254:5 
0 E|| 1:0275 |Banks.of ‘Lagullar. 


1:0253 
1:0276 
1°0267 
1°0293 
Poet. 
1-0266 
1°0264 
|} 1°0255 © 
1:0252 
1°0258. - 
1°0251 
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Spec. gra- 
Nos, | Latitude. |Lougitude. || vity of the 
Sea Water. 


Yellow |d 148| 35° 0’W|- 0° 0’ L-02291 
Sea. 


VV—_—— SS Ce SS 


— 


Mediter- |d 149} 36 
ranean, 


5 OW) 1°0301 |Straits of Gibraltar.. Depth 259 
| fathoms. 

5 O 1°0305 |Ditto from the surface. 

0 O £0273 |From Marseilles. 


d 150} 36 
d 15i| O 


Mar- Bottom, depth 34 fathoms. 

mora, jd 153} 40 26 12 1-02028 | Ditto surface. 
d 154) Al 29 0 1:01444 |Entrance of Bosphorus. Fi itiuht 

; 30 fathoms. 

29 O 1:01328 |Ditto surface. 
Black jd 156)- 0 0 0 O 101422 
Sea. |d 157] O O 0 O 1:01414 

9 


0 
0 
0 
Sea of jd 152) 40 O | 26 12 E|| 1-02S19 |Entrance of the Hellespont. 
5 
0 
0 


White jd 158} 65 15 | 3 1°01894 


{ 
Sea. |/d 159} O O 


1-01909 


Baltic jd 160} 56 O 


9 

0 

0 {0049 |Carlsham Harbour. 
Sea. j|d 161) 57 39 0 


1-02593 |Categat, near the east coast of 


0 
5 
0 
24 
0 
0 
0 


Jutland. 
d 162} 56 0./| 12 40 1-01587 |Sound—half way between Swe- | 
den and Denmark, 
163} 0 O 0 1-00476 | At Tunaberg. 
164; 0 O 0 1-00701 |Sound. Swedish side. 
165} O O 0 1:02037 |Scaw Point. 


The letter a denotes the observations of Bladh, the letter 5 : 


those of Horner, c those of Dr. John Davy, d those of Dr. 
Marcet. The last three results in the table were by myself. 

It does not appear from the preceding table that the sea is 
salter at great depths:than at the surface. There is indeed a 
remarkable exception, viz. the entrance into the Dardanelles: 

. At the bottom of the strait the specific gravity of the water 


-is 1028, at the surface’ it is only 1:020. ‘This is probably 


owing to a current of salter water flowing from the Black sea 
into the Mediterranean. ; 

Inland seas are less salt than the ocean. This is remark- 
ably the case with the Baltic. It holds also with the Black 
sea, the White sea, the Yellow sea, the sea. of Marmora, and 
the Ochitchiskan sea. But the Mediterranean constitutes a 
remarkable exception. This is explained by showing that the 
rivers which flow into this sea are not sufficient to balance the 
evaporation from its surface. It is therefore partly supplied 
by a flow of water from the ocean. 
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‘The southern hemisphere seems to be less salt than the chap. 1. 
northern. . Will this serve to account. for the greater cold 77 
_ which occupies that hemisphere? . May not. the sea, on ac- 
count of its less saltness, freeze in greater quantity, and may 
not this accumulation of ice have gradually cooled down that 
hemisphere to the temperature which it has at present ? 

From the experiments of Wilcke, we learn that the Baltic 
contains much less salt than the ocean; :that the proportion 
of its salt is increased by a west wind, and still more bya 
north-west wind. ‘The specific gravity of the Baltic water, 
ascertained by this philosopher under these different cir- 
cumstances, and reduced. by Mr. Kirwan to the temperature 
of 62°, is exhibited in the following table: 


Specific Gravity. 


1:0039 Wind at E. 
1:0067. Ditto at W. 
1:0118 Storm at W. 
1:0098 Wind at N. W. - 


From this table it appears that the proportion of salt in 
the Baltic, when an east wind prevails, is only ;2,; and that 
this proportion is doubled by a westerly storm: a proof not 
only that the saltness of the Baltic is derived from the neigh- 
bouring ocean, but that storms have a much greater effect 
upon the waters of the occan than has been supposed.* ‘The 
Euxine and Caspian seas, if we believe Tournefort, are less 
salt than the ocean ;+ but it is probable that the Mediterranean 
is at least as salt as the Atlantic. 

The water of the Dead Sea differs exceedingly from sea The Deaa 
water. Its specific gravity is 1-211;+ and it is saturated with *™ 
salt, containing no less than 24°6 per cent. of saline matter. 
According to the analysis of Lavoisier, it is composed of 


* Kirwan’s Geological Essays, p. 356. I found the specific gravity of 
water taken from the Baltic in calm weather, as follows : 


Taken up at Tunaberg ........ £00476 
the Sound........ 1°00701 
the Scaw_point.... 1:02037 


Water from Tunaberg contains just one-seventh of the salt contained in 
the water of the Frith of Forth. 
+ Tournefort’s Voyages, ii. 410. + Marcet. 
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55°60 water 
$8°15 muriate of lime and of magnesia 
6°25 common salt 


100° 00% 
But by the analysis of Dr. Marcet, the constituents con- 
tained in'100 parts of the water of this lake, are: in the fol- 
lowing: proportions: 
3°920 muriate of lime 
10°246 muriate of magnesia 
10°360 muriate of soda 
0°054 sulphate of lime 
75°420 water 


100-000 

The water of this lake, therefore, ought to be distinguished 
from sea water; and might with propriety be included among 
mineral waters. Dr. Marcet found the constituents of the 
river Jordan, which flows into the Dead Sea, similar, but the 
salts do not exceed <1.th part of the solid contents. 

Lake Ourmia, or Urumea, a small sea situated in the pro- 
vince of Azerbijan in Persia, at no great distance from the 
volcanic region of Mount Ararat, approaches the Dead Sea 
in the nature and quantity of its saline contents. A phial of 
it was sent by Mr. Browne, to Mr. Smithson Tennant, which 
has been lately analyzed by Dr. Marcet. Its specific gravity 
was 1°16507. 10,000 grains of it left when evaporated to dry- 
ness, 2230 grains of salt. These salts, according to Dr. Mar- 


cet’s analysis,{ are the following : 
Muriate of soda .......... 2245°20 


Sulphate of soda........+. 489°96 
Sulphate of magnesia..... .  262°50 


2997°66 
* Mem. Par. 1778, p. 69. 
+ Nicholson’s Jour. xx. 25. The constituents of sulphate of lime, and 
of sulphate of barytes, being taken by Dr. Marcet from the erroneous 


analysis of Chenevix, will make a small error in the quantity of sulphate of 


lime; but the quantity of this salt contained in the water is so small, that 
the error may be reckoned immaterial. I have omitted Klaprothi’s analysis 
as less accurate than Marcet’s. See Annals of Philosophy, i. 36. Gay- 
Lussac has published a new analysis of this water, differing a good: deal 
from that of Dr. Marcet. See Annals of Philosophy, xiv. 470. 

+ Phil. Trans. 1819, p. 202. 
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The quantity of saline contents from this analysis consider= chap. m1. 
ably exceed what was obtained by evaporating the water to —~—~ 


dryness. One reason of this is that Dr. Marcet, in his ana- 
lysis, only dried the salts in a temperature of 212°, while the 
saline residue was exposed to a red heat. If the water was 
evaporated in an open capsule, a portion of the saline contents 
would be carried off during the evaporation. This, I’ think, 
likely to have happened. : 


CHAP. III. 


OF MINERAL WATERS. 


Aut waters which are distinguished from common water by yyinerai 


a peculiar smell, taste, colour, &c. and which in consequence 


of these properties cannot be applied to the purposes of do-* 
mestic economy, have been distinguished by the appellation of 
mineral waters. These occur more or less frequently in dif- 
ferent parts of the earth, constituting wells, springs, or foun- 
tains ; sometimes of the temperature of the soil through which 
they pass, sometimes warm, and in some cases even at the 
boiling temperature. Many of these mineral springs attracted 
the attention of mankind in the earliest ages, and were resorted 
to by those who laboured under diseases, and employed by 
them either externally or internally as a medicine. But it was 
not till towards the end of the 17th century that any attempt 
was made to detect the ingredients of which these waters were 
composed, or to aligeaver: in substances to which they owed 
their properties. 


Mr. Boyle may be considered as the first person who pointed a 
analyse 
them. 


out the method of examining water. He first ascertained the 
existence of air in it, and eed out a number of tests, by 
means of which conjectures might be made concerning the sa- 
line bodies which the water examined held in solution. In 
1665, Dominic du Clos attempted to examine the different mi- 
neral waters in France. He employed almost all the re-agents 
recommended by Boyle, and likewise added several of his own. 
In 1680, Hierne published a set of experiments on the mi- 
neral waters of Sweden. Soon after various improvements 
were introduced by Regis, Didier, Burlet, and Homberg; and 
in 1726 Bouldoc pointed out a method of precipitating several 
of the saline contents of water by means of alcohol. But it 


aters exe 


plained. 
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Book . was not till after the discovery of carbonic acid by Dr. Black, 
—~— that any. considerable progress was. made in ascertaining the — 
composition of mineral waters. ‘That subtile acid which is so, 


Constitue 
ents. 


a. Air. 


2. Acids. 
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often contained in them, and which serves as a solvent to many 


of the earths and even metallic bodies, had thwarted all the 


attempts of former chemists to detect the composition of these 
liquids. . Since the discovery of that acid, the analysis of mi-, 
neral waters has advanced with great rapidity, in consequence 
chiefly of the admirable dissertation on the analysis of mineral 
waters published by Bergman in-1778. Since that period 
much has been done by the labours of Gioanetti, Black, Klap- 
roth, Westrumb, Fourcroy, Brezé, Kirwan, and many other 
eminent chemists. So that notwithstanding the difficulty of 
the subject, scarcely any branch of chemistry has made greater 
progress, or is farther advanced than the knowledge of mineral 
waters. Of late indeed Dr. Murray of Edinburgh has pub-. 
lished a general formula, applicable to the analysis of mineral. 
waters in general, and considerably simplifying the labour of 
analysis. 

The substances hitherto found in mineral waters amount to 
about 38, and may be reduced under the four following heads : 
1. Air and its component parts, oxygen and azotic gas. 2. 
Acids. 3. Alkalies and earths. 4. Salts. 


I. . 1. Air is contained in by far the greater number of mi- 


neral waters: its proportion does not exceed ath of the bulk — 


of the water. 

Z. Oxygen g gas was first detected in waters by Scheele.. Its 
quantity is usually inconsiderable; and it is incompatible with 
the presence of sulphuretted hydrogen gas or iron. 

3. Azotic gas was first detected in Buxton water by Dr. 


Pearson. Afterwards it was discovered in Harrowgate waters | 


by Dr. Garnet, and in those of Limington Priors by Dr.. 
Lambe. 


II. The only acids hitherto found in waters, except in com- 


bination with a base, are the four following: carbonic, sul- 


phurous, boracic, and sulphuretted hydrogen g gas. 

1. Carbonic acid was first discovered in Lae mont water by. 
Dr, Brownrigg. It is the most common ingredient in mine- 
ral waters, 100 cubic inches of the water generally containing 
from 6 to 40 cubic inches of this acid gas. According to 


Westrumb, 100 cubic inches of Pyrmont water contain 187 


cubic inches of it, or almost double its own bulk. 
2. Sulphurous acid has been observed in several of the hot 
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mineral waters in Italy, which are in the neighbourhood of Chap.mm. 
~ volcanoes. po Ne 

3. The boracic acid has also been observed in some lakes in 
Italy. 

4. Sulphuretted hydrogen gas constitutes the most conspi- 
_euous ingredient in those waters which are distinguished by 
the name of hepatic or sulphureous. . 

III. ‘The only alkali which has been observed in mineral rine: 
waters, uncombined, is soda; and the only earthy bodies are 
silica and lime. 

1. Dr. Black detected soda in the hot mineral waters of 
Geyzer and Rykum in Iceland; but in most other cases the 
soda is combined with carbonic acid. 

2, Silica was first observed in waters by Bergman. — It was 
afterwards detected in those of Geyzer and Rykum by Dr. 
Black, and in those of Carlsbad by Klaproth. Hassenfratz 
observed it in the waters of Pougues, and Brezé in those of 
Pu. It has been found also in many other mineral waters. 

3. Lime is said to have been found uncombined in some mi- 
neral waters; but this has not. been proved in a satisfactory 
manner. 

IV. The only salts hitherto found in mineral waters are the 4. Salts. 
following, su/phates, nitrates, muriates, carbonates, and hydro- 
sulphurets : | 


1. Sulphate of soda 15. Muriate of lime 
Bossi... ammonia? 1G es ices). 0 Engonesia 
Pathan 2c ss lime Pi Aided alinnina st 
4, ....+.., magnesia 165. Sede) a's MAD ganese,? 
eteeiwe s+ alumina ? 19, Carbonate of potash 

G4 esc. ION BOON ds gus ho oo SOUR 

Paya ste te COPper BLevs ssh. ala tide « QINIOTHS 
8. Nitrate of potash 2 FCS RAE ARE RT sc 
Medea sss lime 23.) sss oeeee ese Magnesia 
10. ......... magnesia Qh ad eee loneta ALLMAN P 
11. Muriate of potash 25, Vien nae ese ron 
Meaty. soda. 26. Hydrosulph. of lime 
13. ......... ammonia Dee taneese 0 oh, potash 
VA ye ees barytes ? 28. And likewise borax 


Of these genera the carbonates and muriates occur by far most 
commonly, and the nitrates most rarely. 
1. Sulphate of soda is not uncommon, especially in those 
mineral waters which are distinguished by the epithet saline. 
VOL. III. ze 
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Book. 2, Sulphate of ammonia is found in mineral waters near 
“~~ volcanoes. | 

3, Sulphate of lime is exceedingly common in water. Its 
presence seems to have been first detected by Dr. Lister in 
1682. It would seem to be generally formed during the eva- 
poration of mineral waters by the action of sulphate of soda 
on muriate of lime. 

4, Sulphate of magnesia is almost constantly an ingredient 
in those mineral waters which have purgative properties. It 
was detected in Epsom waters in 1610, and in 1696 Dr. Grew 
published a treatise on it. 

5. Alum is sometimes found in mineral waters, but it is ex-_ 
ceedingly rare. ji : 

6 and 7. Sulphate of iron occurs sometimes in volcanic mi- 
neral waters, and has even been observed in other places. But 
sulphate of copper is only found in the waters which issue from 
copper_mines. 

g. Nitre has been found in some springs in Hungary; but 
‘it is exceedingly uncommon. 

9. Nitrate of lime was first detected in water by Dr. Home 
of Edinburgh in 1756. It is said to occur in some springs in 
the sandy deserts of Arabia. , 

. - 40. Nitrate of magnesia is said to have been found in some 
springs. : 

11. Muriate of potash is uncommon; but it has been dis- 
covered in the mineral springs of Uhleaborg in Sweden by 
Julin. . 

12. Muriate of soda is so exceedingly common in mineral 
waters, that hardly a single spring has been analyzed without 
detecting some of it. 

13. Muriate of ammonia is uncommon; but it has been 
found in some mineral springs in Italy and in Siberia. i 

14. Muriate of barytes is still more uncommon ; but its pre- 
sence in mineral waters has been announced by Bergman. _ 

15 and 16. Muriates of lime and magnesia are common in- 
eredients. 

17. Muriate of alumina has-been observed in waters by Dr. 
Withering; but it is very uncommon. 

18. Muriate of manganese was mentioned by Bergman as % 
sometimes occurring in mineral waters. It has lately been der 
tected by Lambe in the waters of Lemington Priors; but in 
an extremely limited proportion, and by Dr. Scudamore in the 


water of ‘Tunbridge Wells. 
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19. The presence of carbonate of potash in mineral waters Chap. ua. 


has been mentioned by several chemists: if it does occur, it 
must be in a very small proportion. 

20. But carbonate of soda is, perhaps, the most common 
ingredient of these liquids, if we except common salt and car- 

- bonate of lime. 

21. Carbonate of ammonia has been discovered in waters; 

but it is uncommon. 
92. Carbonate of lime is found in autiase all waters, and is 
usually held in solution by an excess of acid. It appears from 
the different experiments of chemists, as stated by Mr. Kir- 
wan, and especially from those of Berthollet, that water satn- 
rated with carbonic acid is capable of holding in solution 0°002 
of carbonate of lime. Now water saturated with carbonic 
acid, at the temperature of 50°, contains very nearly 0°002 of 
its weight of carbonic acid. Hence it follows that carbonic 
acid, when present in such quantity as to saturate water, is ca- 
pable of holding its own weight of carbonate of lime in solu- 
tion. Thus we see that 1000 parts by weight of water, when 
it contains two parts of carbonic acid, is capable of dissolving 
_ two parts of carbonate of lime. When the proportion of water 
is increased, it is capable of holding the carbonate of lime in 
solution, even when the proportion of carbonic acid united 
with it isdiminished. Thus 24,000 parts of water are capable 
of holding two parts of carbonate of lime in solution, even 
when they contain only one part of carbonic acid. ‘The greater 
the proportion of water, the smaller proportion of carbonic 
acid is necessary to keep the lime in solution; and when the 
water is increased to a certain proportion, no sensible excess 
of carbonic acid is necessary to keep the lime in solution. 
It ought to be remarked also, that water, how small a quan- 
tity soever of carbonic acid it contains, is capable of holding 
carbonate of lime in solution, provided the weight of the 
_ carbonic acid present exceed that of the lime.* ‘These obser- 
vations apply equally to the other earthy carbonates held in 
solution by mineral waters. 

23. Carbonate of magnesia is also very common in mineral 
waters, and is almost always paper teeta by carbonate of 
} ot 

4. Carbonate of alumina is said to have been found in 
eis but its presence has not been properly ascertained. 


* Kirwan on Mineral Waters, p. 15. 
r2 
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Book I. 25. But carbonate of iron is by no means uncommon; in- 


deed it forms the most remarkable ingredient in those waters 
which are distinguished by the epithet of chalybeate. 

26 and 27. The hydrosulphurets of lime and of soda have 
been frequently detected in those waters which are called sul- 
pdureous or hepatic. 

.28. Borax exists in some lakes in Persia and Thibet; but 
the nature of these waters has not been ascertained.* 

5.Veectable 'V. Besides these substances, certain vegetable and animal 

matter.  mattershave been occasionally observed in mineral waters. But 
in most cases these are rather to be considered in the light of 
accidental mixtures than of real component parts of the waters 
in which they occur. 

Krom the above enumeration, we are enabled to form a 
pretty accurate idea of the substances which occur in mineral 
waters ; but this is by no means sufficient to make us acquainted 
with these liquids. No mineral water contains all of these 
substances. Seldom are there more than five or six of them 
present together, and hardly ever do they exceed the number 
of eight or ten. The proportion too, in which they enter into 
mineral waters, is generally small, and in many cases extremely 
so. Now in order to understand the nature of mineral waters, 
it is necessary to know the substances which most usually as- 
sociate together, and the proportion in which they commonly 
associate. In the greater part of mineral waters there is usually 


some substance present, which, from its greater proportion, or. 
its greater activity, stamps, as it were, the character of the . 
water, and gives it those properties by which it is most readily 


distinguished. ‘This substance of course claims the greatest 
attention, while the other bodies which enter in a smaller pro- 
portion may vary, or even be absent altogether, without pro- 
ducing any sensible change in the nature of the water. This 
circumstance enables us to divide mineral waters into classes, 


distinguished by the peculiar substance which predominates in 


Minerat each. Accordingly they have been divided into four classes; 


waters di- 
vided into namely, 


four classes : 


1. Acidulous, 3. Hepatic, 
2. Chalybeate, 4, Saline. 
Let us take a view of each of these classes. 
1. Acidu- 1. The acidulous waters contain a considerable proportion 
fous, 


* Kirwan on Mineral Waters, p. 8, &c. 
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of carbonic acid. They are easily distinguished by their acid 
taste, and by their sparkling like champaign wine when poured 
into a glass. ‘They contain almost constantly some common 
salt, and in general also a greater or smaller proportion of the 
earthy carbonates. — : 

2. The chalybeate waters contain a portion of iron, and are 
easily distinguished by the property which they have of striking 
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NAR 


2. Chaly- 
beate, 


a black with the tincture of nutgalls. The iron is usually held 


in solution by carbonic acid. It very often happens that this 
acid is in excess; in which case the waters are not only chaly- 
beate but acidulous. ‘This is the case with the waters of Spa 
and. Pyrmont. In some instances the iron is in the state of 
a sulphate; but this is uncommon. Waters containing the 
‘sulphate of iron may be readily distinguished by the property 
which they have of continning to strike a black with tincture 
of nutgalls even after being boiled and filtered; whereas boil- 
ing decomposes the carbonate of iron, and causes its base to 
precipitate. 

3. The hepatic or sulphureous waters are those which con- 
tain sulphuretted hydrogen gas. These waters are easily dis- 
tinguished by the odour of sulphuretted hydrogen gas which 
they exhale, and by the property which they have of blacken- 
ing silver and lead. The nature of the waters belonging to 
this class long puzzled chemists. ‘Though they often deposite 
sulphur spontaneously, yet no sulphur could be artificially se- 
parated from them. ‘The secret was at last discovered by Berg- 
man. ‘These waters are of two kinds: in the first the sul- 
phuretted hydrogen is uncombined ; in the second it is united 
to lime or an alkali. They are frequently also impregnated 
with carbonic acid, and usually contain some muriates or sul- 
phates. | 

4. Saline waters are those which contain only salts in solu- 
tion, without iron or carbonic acid in excess. ‘They may be 
distinguished into four different orders. The waters belong- 
ing to the first order contain salts whose base is lime, and ge- 
nerally either the carbonate or the sulphate. They are known 
by the name of hard waters, and have but a slight disagree- 
able taste. ‘The waters belonging to the second order are those 
in which common salt predominates. ‘They are readily re- 
cognised by their salt taste, and like sea water usually contain 
some magnesian and calcareous salts. The waters of the third 
order contain sulphate of magnesia. ‘They have a bitter taste 
and are purgative. Finally, the waters of the fourth order are 


3. Hepatie, 


4, Saline, 
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Book. alkaline, containing carbonate of soda. They are easily dis- 


“~~ tinguished by the property which they have of tinging vege- 


table blues green. 

Such isa short view of the different classes of mineral waters. 
A particular description of each particular spring would be 
imconsistent with the plan of this work.* But a pretty accu- 
rate notion may be formed of the salts which most commonly 
associate, and of the proportions of each, from the following 
Table, which exhibits a synoptical view of the component 
parts of a considerable number of mineral waters, as analyzed. 
by different chemists. 


* The reader will find an accurate account of the properties and consti- 
tuents of the most celebrated mineral springs, both British and foreign, in 
Dr. Saunders’s Treatise on the Chemical History and Medical Powers-of the 
most celebrated Mineral Waters. From this excellent work I have borrowed 
several of the analyses which appear in the ensuing table in the text. 
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METHOD OF ANALYZING WATERS. 


CHAP. IV. 
OF THE METHOD OF ANALYZING WATERS. 


Tue analysis of waters, or the art of ascertaining the dif- 


v— ferent substances which they hold in solution, and of deter- 


mining the proportion of these substances, is one of the most 
difficult things in chemistry. The difficulty arises not only 
from the diversity of the bodies which occur in waters, but 
from the very minute quantities of some of the ingredients. 
‘Though many attempts had been made to analyze particular wa- 
ters, and several of these were remarkably well conducted, no 
general mode of analysis was known till Bergman published his 
Treatise. on Mineral Waters in 1778. This excellent tract 
carried the subject all at once to a very high degree of per- 
fection. The Bergmannian method has been followed by 
succeeding chemists, to whom we are indebted not only for a 
great number of very accurate analyses of mineral waters, 
but likewise for several improvements in the mode of con- 
ducting the analysis. Mr. Kirwan has in 1799 published an 
essay on the general analysis of waters, no less valuable than 
that of Bergman ; containing all that has hitherto been done 
on the subject, and enriched by the numerous experiments of 
Mr. Kirwan himself. Mr. Kirwan has given a new method 
of analysis, which will probably be adopted hereafter; not 
only because it is shorter and easier than the Bergmannian, 
but because it is susceptible of a greater degree of accuracy. 
[I propose in this chapter to give an account of this method, 
modified however by our recent improved knowledge of the 
constituents of the salts. 

The analysis of waters resolves itself into two- different 
branches: 1. The method of ascertaining all the different 
bodies contained in the water which we are examining. 2. The 
method of determining the exact proportion of each of these 
ingredients. These two branches form the subject of the two 
following sections, 


f 


TO DETERMINE THE INGREDIENTS OF WATERS. 


SECT. I. 
METHOD OF DETERMINING THE INGREDIENTS OF WATERS. 


Tue different bodies which are dissolved and combined in 


pe be 
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water, are discovered by the addition of certain substances to ~~ 


the water which is subjected to examination. The consequence 
of the addition is some change in the appearance of the water; 
and this change indicates the presence or the absence of the 
bodies suspected. The substances thus employed are distin- 


guished by the name of tests, and are the instruments by means Tests 


of which the analysis of water is accomplished. They were 

first introduced into chemistry by Boyle, and were gradually 
increased by succeeding chemists: but Bergman was the first 
who ascertained with precision the degree oF confidence which 
can be placed in the different tests. They still continued ra- 
ther uncertain and precarious, till Mr. Kirwan showed how 
they might be combined and arranged in such a manner as to 
give certain and precise thaedtns whether or not any parti- 
ithe substance constitutes a component part of water. Let 
us consider by what means the presence or the absence of all 
the different substances which occur in waters may be ascer- 

tained. 


I. The gaseous bodies contained in water are obtained by For gases, 


boiling it ina retort luted to a pneumatic apparatus. The 
method of separating and examining these different bodies 
shall be described in the next section. 


I. The presence of carvonic acid, not combined with a Carbonie 


tests: 1. Lime-water occasions a precipitate soluble with 
effervescence in muriatic acid. 2. The infusion of litmus is 
reddened ; but the red colour gradually disappears, and may 
be again restored by the aaehiied of more of the mineral 
Svater.* 3. When boiled it loses the property of reddening 
the infusion of litmus. 


asid,, 


base, or combined in excess, may be detected by the following ” 


III. The mineral acids, when present Wcomeiiel 3 In water, Mineral 
give the infusion of litmus a permanent red, even though the **"s 


* When the carbonic acid is uncombined with a base, it reddens the in- 
fusion of litmus, though it amounts to no more than one-sixteenth ofthe 
bulk of the water which contains it. When it is combined in excess with 
a base, it must amount to one sixth of the bulk of the water to produce that 
effect.—See Kirwan on Mineral Waters, p. 35. 
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Fixed alka- 
lies, 


. Earthy and 
metallic 
earbonates, 


Fron, 
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water has been boiled. Bergman has shown that a paper 
stained ae litmus is reddened when dipped into water con- 
taining =<", of sulphuric acid. 

IV. Water containing sulphuretted hydrogen g gas is dis- 
tinguished by the foliewien properties: 1. It eahulis the pe- 
culiar odour of sulphuretted hydrogen gas. 2. It reddens the 
infusion of litmus fugaciously. 3. It blackens paper dipped 
into a solution of lead, and precipitates the nitrate of silver 
black or brown. 


V. Alkalies, and alkaline and earthy carbonates, are distin- | 


guished by the following tests: 1. The infusion of turmeric, 
or paper stained with turmeric, is rendered brown by alkalies, 
or reddish brown if the quantity be minute. This eee is 
produced when the soda in water amounts only to 3;4,, part.* 
2, Paper stained with Brazil wood, or the infusion of Brazil 
wood, is rendered blue: but this change is produced also by 
the alkaline and cry carbonates. Bergman ascertained 
that water containing ;,!-, part of carbonate of soda renders 
paper stained with Brazil wood blue.t 3. Litmus paper red- 
dened by vinegar is restored to its original blue colour.. This 
change is produced by the alkaline and earthy carbonates 
also. 4. When these changes are fugacious, we may con- 
clude that the alkali is ammonia. 

VI. Fixed alkalies exist in water which occasions a preci- 
pitate with muriate of magnesia after being boiled. Volatile 
alkali may be distinguished by the smell, or it may be obtained 
in the receiver by distilling a portion of the water gently, and 
then it may be distinguished by the above tests. 

VII. Earthy and metallic carbonates are»precipitated by 
boiling the water containing them; except carbonate of mag- 
nesia, which is only precipitated imperfectly. 

VIII. Iron is discovered by the following tests: 1. The 
addition of tincture of nutgalls gives water containing iron a 
purple or black colour. This test indicates the presence of a 
very minute portion of iron. If the tincture has no effect 
upon the water after boiling, though it colours it before, the 
iron is in the state of a carbonate. ‘The following observations 


* The same change is produced by lime water; but pure lime very sel- 
dom indeed occurs in mineral waters. It is needless to observe, that the 
alkalies produce the same effect on turmeric, whether they be pure or in the 
state of carbonates, The earthy carbonates have no effect on turmeric, , 

+ Sulphate of lime likewise renders Brazil wood blue. 
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of Westrumb on the colour which iron gives to nutgalls, as chap. Iv. 
modified by other bodies, deserve attention. 

A violet indicates an alkaline carbonate or earthy salt. 

Dark purple indicates other alkaline salts. 

Purplish red indicates sulphuretted hydrogen gas.* 

Whitish and then black indicates sulphate of lime. 
Mr. Philips has ascertained, that while the iron is in the state 
of protoxide, the presence of lime rather facilitates the appli- 
cation of this test; but the lime prevents the test from acting, 
provided the iron be in the state of peroxide.f 2. The prus- 
sian alkali occasions a blue precipitate in water containing 
iron. If an alkali be present, the blue precipitate does not 
appear unless the alkali be saturated with an acid. 

IX. Sulphuric acid exists in waters which form a precipi- sulphuric 
tate with the following saline solutions: aie 


1. Muriate, nitrate, or acetate of barytes. 
SN Was hc aloca.e Shi te Apter Male Pi strontian. 
PTE aA Vitecieiir eh aivie A> lime. 

4, Nitrate or acetate of lead. 


Of these the most powerful by far is muriate of barytes, which 

is capable of detecting the presence of sulphuric acid uncom- 
bined, when it does not exceed the millionth part of the 
water. Acetate of lead is next in point of power. ‘The mu- 
riates are more powerful than the nitrates. The calcareous 
salts are least powerful. All these tests are capable of indicat- 
ing a much smaller proportion of uncombined sulphuric acid 
than when it is combined with a base.{ To render muriate of 
barytes a certain test of sulphuric acid, the following precau- 
tions must be observed: 1. The muriate must be diluted. 

2. The alkalies, or alkaline carbonates, if the water contain 
any, must be previously saturated with muriatic acid. $. The 
precipitate must be insoluble in muriatic acid. 4. If boracic 
acid be suspected, muriate of strontian must be tried, which is 
hot precipitated by boracic acid. 5. The hydrosulphurets 
precipitate barytic solutions, but their presence is easily dis- 
covered by the smell. 

X. Muriatic acid is detected by nitrate of silver, which oc- Mariatie 

casions a white precipitate or a cloud in water containing an 7" 
exceedingly minute portion of this acid. To render this test 


* Or rather manganese, according to Kirwan. 
t Phil. Mag. xxiv. 349. { Kirwan on Mineral Waters, p. 65. 
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certain, the following precautions are necessary: 1. The al- 


kalies or carbonates must be previously saturated with nitric 
acid. 2. Sulphuric acid, if any be present, must be previously 
removed by means of nitrate of barytes. $. The precipitate 
must be insoluble in nitric acid. 

XI. Boracic acid is detected by means of acetate of lead, 
with which it forms a precipitate insoluble in acetic acid. But 
to render this test certain, the alkalies and earths must be 
previously saturated with acetic acid, and the sulphuric and 
muriatic acids removed by means of acetate of strontian. and 
acetate of silver. . 

XII. Barytes is detected by the insoluble white precipitate 
which it forms with diluted sulphuric acid. 

XIII. Lime is detected by means of oxalic acid, which 
occasions a white precipitate in water containing a very mi- 
nute proportion of this earth. To render this test decisive, 
the following precautions are necéssary : 1. The mineral acids, 
if any be present, must be previously saturated with an alkali, 
2. Barytes, if any be present, must be previously removed by 
means of sulphuric acid. 3. Oxalic acid precipitates magne- 
sia but very slowly, whereas it precipitates lime instantly: 


XIV. Magnesia and alumina. The presence of these earths 


is ascertained by the following tests: 1. Pure ammonia preci- 
pitates them both, and no other earth, provided the carbonie 
acid has been previously separated by a mineral alkali and 
boiling. 2. Lime-water precipitates only these two earths, 
provided the carbonic acid be previously removed, and the 
sulphuric acid also, by means of nitrate of barytes. . 

The alumina may be separated from the magnesia after both 
have been precipitated together, either by heslin the preci- 
pitate in pure potash, which dissolves the ala and leaves 
the magnesia; or the precipitate may be dissolved in muriatic 
acid, precipitated by an alkaline carbonate, dried in the tem- 
perature of 100°, and then exposed to the action of diluted 
muriatic acid, which dissolves the magnesia without touching 
the alumina. 

XV. Silica may be ascer tae by evaporating a por tion of 
the water to dr yness, and redissolving: the precipitate in muri- 
atic acid, ‘The silica remains behind undissolved. 

Such is the method of detecting the different substances 
commonly found in waters. But as these different substances 
are almost always combined together, so as to constitute par- 
ticular salts, it is not sufficient to know in general what the 
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substances are which are found in the water we are examining; 
we must know also in what manner they are combined. Thus 
it is not sufficient to know that lime forms an ingredient in a 
particular water; we must know also the acid with which it is 
united. Mr. Kirwan first pointed out how to accomplish this 
difficult task by means of tests. J.et us take a short view of 
his method. 

I. To ascertain the presence of the different sulphates. 

The sulphates, which occur in water are seven; but one of 
these, namely, sulphate of copper, is so uncommon, that it may 
be excluded altogether. ‘The same remark applies to sulphate 
of ammonia. It is almost unnecessary to observe, that no 
sulphate need be looked for unless both its acid and base have 
been previously detected in the water. 

_ 1. Sulphate of soda may be detected by the following me- 
thod: Free the water to be examined of all earthy sulphates 
by evaporating it to one-half, and adding lime-water as long as 
any precipitate appears. By this means the earths will all be 
precipitated except lime, and the only remaining earthy sul- 
phate will be sulphate of lime, which will be separated by eva- 
porating the liquid till it becomes concentrated, and then 
dropping into it a little alcohol, and after filtration adding a 
little oxalic acid. 

With the water thus purified, mix solution of lime. If a 
precipitate appears either immediately or on the addition of a 
little alcohol, it is a proof that sulphate of potash or of soda is 
present. Which of the two may be determined by mixing 
some of the purified water with acetate of barytes: sulphate 
of barytes precipitates. Filter and evaporate to dryness. 
Digest the residuum in alcohol. It will dissolve the alkaline 
acetate. Evaporate to dryness, and the dry salt will deli- 
quesce if it be acetate of potash, but effloresce if it be acetate 
of soda. 

2. Sulphate of lime may be detected by evaporating the 
water suspected to contain it to a few ounces. A precipitate 
appears, which, if it be sulphate of lime, is soluble in 500 parts 
of water; and the solution affords a precipitate with the mu- 
riate of barytes, oxalic acid, carbonate of magnesia, and with 
alcohol. 

3. Alum may be detected by mixing carbonate of lime with 
the water suspected to contain it. Ifa precipitate appears, it 
indicates the presence of alum, or at least of sulphate of alu- 
_ + tina; provided the water contains no muriate of barytes or 
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metallic sulphates. The first of these salts is incompatible. 
with alum. The second may be removed by the alkaline — 
prussiates. When a precipitate is produced in water by mu- 
riate of lime, carbonate of lime, and muriate of magnesia, 
we may conclude that it contains alum or sulphate of alumina. 

4. Sulphate of magnesia may be detected by means of hy- 
drosulphuret of strontian, which occasions an immediate pre- 
cipitate with this salt and with no other; provided the water 
be previously deprived of alum, if any be present, by means 
of carbonate of lime, and provided also that it contains no 
uncombined acid, nor even carbonic acid. 

5. Sulphate of iron is precipitated from water by alcohol 
and then it may be easily recognised by its properties. 

II. To ascertain the presence of the different muriates. 

The muriates found in waters amount to eight, or to nine 
if muriate of iron be included. The most common by far is 
muriate of soda. 

1. Muriate of soda and of potash may be detected by the 
following method: separate the sulphuric acid by alcohol and 
nitrate of barytes. _Decompose the earthy nitrates and muri- 
ates by adding sulphuric acid. Expel the excess of muriatic 
and nitric wohl by heat. Separate the sulphates thus formed 
by alcohol and barytes water. The water thus purified can 
contain nothing but alkaline nitrates and muriates. If it 
forms a precipitate with acetate of silver, we may conclude 


that it contains muriate of soda or of potash. To ascertain | 


which, evaporate the liquid thus precipitated to dryness; dis- 
solve the acetate in alcohol. Evaporate to dryness. The 
salt will deliquesce if it be acetate of potash, but effloresce if it 
be acetate of soda. 

2. Muriate of barytes may be detected by sulphuric acid, 
as it is the only barytic salt hitherto found in waters. — 

3. Muriate of lime may be detected by the following me- 
thod: free the water of sulphate of lime and other sulphates, 
by evaporating it to a few ounces, mixing it with spirit of wine, 
and adding last of all nitrate of barytes, as long as any preci- 
pitate appears.” Filter off the water, evaporate to dryness, 
treat ihe dry mass with alcohol, evaporate the alcohol to dry- 
ness, and dissolve the residuum in water. If this solution 
gives a precipitate with acetate of silver and oxalic acid, it 
may contain muriate of lime. It must contain it in that case, 
if, after being treated with carbonate of lime, it gives no pre- 
cipitate with ammonia. If it does, separate the lime by means 
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of oxalic acid, filter and distil with a gentle heat. If the chap. 1. 
liquid in the receiver gives a precipitate mi nitrate of silver, 
muriate of lime He cele i in the water. 

4. Muriate of magnesia may be detected by separating all 4. Magne- 
the sulphuric acid i means of nitrate of barytes. Filter, hei 
evaporate to dryness, and treat the dry mass with Reto 
Evaporate the alcohol solution to dryness, and dissolve the 
residuum in water. The muriate of magnesia, if the water 
contained any, will be found in this solution. Let us suppose 
that, by the tests formerly described, the presence of muriatic 
acid and of magnesia in this solution has been ascertained. 

In that case, if carbonate of lime affords no precipitate, and if 
sulphuric acid and evaporation, together with the addition of 
a little alcohol, occasion no precipitate, the solution contains 
only muriate of magnesia. If these tests give precipitates, we 
must separate the lime which is present by sulphuric acid and 
spirit of wine, and distil off the acid with which it was com- 
bined. Then the magnesia is to be separated by the oxalic 
acid and alcohol; and the acid with which it was united is to 
be distilled off. If the liquid in the retort gives a precipitate 
with nitrate of silver, the water contains muriate of magnesia. 

5. Muriate of alumina may be discovered by saturating the 5. Atumi- 

water, if it contain an excess of alkali, with nitric acid, and“ 
separating the sulphuric acid by means of nitrate of barytes. 
If the liquid thus purified gives a precipitate with carbonate 
of lime, it contains muriate of alumina. The muriate of iron 
or of manganese, if any be present, is also decomposed, and 
the iron precipitated by this salt. The precipitate may be 
|. dissolved in muriatic acid, and the alumina, iron, and man- 
| ganese, if they be present, may be separated by the rules laid 
down in the next book. 

Ill. To ascertain the presence | of the different nitrates. nitrates : 
The nitrates but seldom occur in waters; when they do, sey 
may be detected by the following rules: 

1. Alkaline nitrates may ie detected by- fr ecing nae 1. Alkaline, 
water examined from sulphuric acid by means of acetate of 
barytes, and from muriatic acid by acetate of silver. Evapo- 
rate the filtered liquid, and treat the dry mass with alcohol; 
what the alcohol leaves can consist only of the alkaline ni- 
trates and acetate of lime. Dissolve it in water. If carbonate 
of magnesia occasions a precipitate, lime is present. Separate 
| the ee by means of carbonate of magnesia. Filter and eva- 
| porate to dryness, and treat the con mass with alcohol. The 
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alcohol now leaves only the alkaline nitrates, which may be 

easily recognised, and distinguished by their respective pro- 

perties. : | | 
2. Nitrate of lime. ‘To detect this salt, concentrate the 


water, and mix it with alcohol to separate the sulphates. — 


Filter and distil off the alcohol; then separate the muriatic 
acid by acetate of silver. Filter, evaporate to dryness, and 
dissolve the residuum in alcohol. Evaporate to dryness, and 
dissolve the dry mass in water. If this last solution indicate 
the presence of lime by the usual tests, the water contained 
nitrate of lime. | 

3. To detect nitrate of magnesia, the water is to be freed 
from sulphates and muriates exactly as described in the last 
paragraph. The liquid thus purified is to be evaporated to 
dryness, and the residuum treated with alcohol. The alcohol 
solution is to be evaporated to dryness, and the dry mass dis- 


solved in water. To this solution potash is to be added as — 


long as any precipitate appears. The solution filtered, and 
again evaporated to dryness, is to be treated with alcohol. If 
it leaves a residuum consisting of nitre, (the only residuum 
which it can leave), the water contained nitrate of magnesia. 
Such are the formulas by which Mr. Kirwan conceives that 
the presence of the different salts may be determined in mine- 
ral waters. But I am of opinion that these formulas are of so 
difficult execution, and that they labour under so many im- 
perfections, that it is not worth our while to have recourse to 
them. Dr. Murray’s rule will in almost all cases lead to 
results fully as accurate as can be obtained by the most Jabo- 
rious repetition of these formulas, Dr. Murray’s rule is as 
follows. Determine by precipitants the weights of the acids 
and bases present in a mineral water. Suppose these united 


in such a manner that they shall form the most soluble salts, 


these salts will constitute the true saline constituents of the 
water under examination. 


SECT. II. 


METHOD OF DETERMINING THE. PROPORTIONS OF THE 
INGREDIENTS. 


Tue proportion of saline ingredients, held in solution by 
any water, may be in some measure estimated from its specific 
gravity. The lighter a water is, the less saline matter does 
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‘it contain; and, on |the other hand, the heavier it is, the Chap. Iv. 
greater is the proportion of saline contents. Mr. Kirwan has . 


pointed out a very ingenious method of estimating the saline 
contents of a mineral water whose specific gravity is known: 
so that the error does not exceed one or two parts in the hun- 


dred. The method is this: subtract the specific gravity of Formula 


pure water from the specific gravity of the mineral watér ex- 


for finding 
the saline 


amined (both expressed in whole numbers,) and multiply the contents 


remainder by 1:4. The product is the saline contents in a 
quantity of the water denoted by the number employed to in- 
dicate the specific gravity of distilled water. Thus let the 


water be of the specific gravity 1-079, or in whole num-. 


bers 1079. Then the specific gravity of distilled water will be 


1000. And 1079 — 1000 x 1:4 = 110°6 = saline contents. 
in 1000 parts of the water in question; and consequently - 
11°06 in 100 parts of the same water.* This formula will. 
often be of considerable use, as it serves as a kind of standard. 


to which we may compare our analysis. The saline contents 


indicated by it are supposed to be freed from their water of” 


crystallization; in which state only they ought to be consi- 
dered, as Mr. Kirwan has very properly observed, when we 
speak of the saline contents of a mineral water, ; 

But instead of trusting to this formula a better method is 
to weigh out a determinate weight of the water to be examined, 
1000 grains for example, to evaporate it to dryness, and weigh 
the residue. This weight gives us the quantity of saline mat- 
ter contained in 1000 grains of the mineral water under exa- 
mination. ' 

Having ascertained the proporticn of saline contents in the 
water examined, and having by the tests described in the last 
section determined the particular substances which exist in it, 
Jet us now proceed to ascertain the proportion of each of these 
ingredients. 

I. The different aerial fluids ought to be first separated and 
estimated. For this purpose a retort ought to be filled two- 
thirds with the water, and connected with a jar full of mer- 


cury, standing over a mercurial trough. Let the water he ‘To estimate 
11 the gaseors 


made to boil for a quarter of an hour. The erial fluids will bodies. 


pass over into the jar. When the apparatus is cool, the quan- 
tity of air expelled from the water may be determined either 
by bringing the mercury within and without the Jar to a level; 


* Kirwan on Mineral Waters, p. 145. 
VOL. III. Q 
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‘poor. .or, if that cannot be done, by reducing the air to the proper 
. heey .density by the formulas given in the first chapter .of the last 
book. The air of the retort ought to be carefully subtracted, — 
and the jar must be divided into cubic inches and tenths. 
: The only gaseous bodies contained in water are common 
air, oxygen gas, azotic gas, carbonic acid, sulphuretted hy- 
drogen gas, and salphurous acid. The last two never exist 
in water together. The presence of either of them must be — 
ascertained previously by the application of the proper tests. 
If sulphuretted hydrogen gas be present, it will be mixed with 
the air contained in the glass jar, and must be separated be- 
fore that air be examined. For this purpose, the jar must be 
carried into a tub of warm water, and nitric acid introduced, 
which will absorb the sulphuretted hydrogen. ‘The residuum 
is then to be again put into a mercurial jar and examined. 
. If the water contain sulphurous acid, this previous step is 
not necessary. Introduce into the gaseous mixture a quantity 
of peroxide of lead in the state of powder. It will gradually ~ 
absorb the sulphurous acid, and the diminution of bulk will 
indicate the bulk of that acid gas present. A little potash 
afterwards let up into the gaseous mixture will absorb the 
carbonic acid gas, and the diminution of bull: will indicate its 
quantity. ; ; 

The air which remains after the separation of the carbonic 
acid gas is to be examined by the different eudiometrical me- 
thods described in the last book. | | 

When a water contains sulphuretted hydrogen gas, the bulk. 
of this gas is to be ascertained in the following manner: fill 
three-fourths of a jar with the water to be examined, and 
invert it in a water trough, and introduce a little nitrous gas. 
This gas, mixing with the air in the upper part of the jar, 
will form nitrous acid, which will render the water turbid, by — 
decomposing the sulphuretted hydrogen and precipitating — 
sulphur. Continue to add nitrous gas at intervals as long as 
red fumes appear, then turn up the jar and blow out the air, 
If the hepatic smell continues, repeat this process. ‘The sul- 
phur precipitated indicates the proportion of hepatic gas in» 
the water; one grain of sulphur indicating the presence of 
three cubic inches of that gas. : | 


Foestimate I, After having estimated the gaseous bodies, the next 
the exriby “step is to.ascertain the proportions of the earthy carbonates, 
- For this purpose it is necessary to deprive the water of its 
sulphuretted hydrogen, if it contains any, This may be done, 
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either by exposing it to the air for a considerable time, or by Chap. rv, 


treating it with litharge. A sufficient quantity of the water 
thus purified (if necessary) is to be boiled for a quarter of an 
hour, and filtered when cool. The earthy carbonates remain 
on the filter. 

The precipitate thus obtained may be carbonate of lime, of 
magnesia, of iron, of alumina; or even sulphate of lime. 
Let us suppose all of these substances to be present together. 
Treat the mixture with diluted muriatic acid, which will dis- 
solve the whole except the alumina and sulphate of lime. 
Dry this residuum in a red heat, and note the weight. Then 
boil it in carbonate of soda: saturate the soda with muriatic 
acid, ‘and boil the mixture for half an hour. Carbonate of 
lime and alumina precipitate. Dry this precipitate, and treat 
it with acetic acid. The lime will be dissolved, and the alu- 
mina will remain. Dry it and weigh it. Its weight subtracted 
from the original weight gives the proportion of sulphate of 
lime. | 

The muriatic solution contains lime, magnesia, and iron. 
Add ammonia as long as a reddish precipitate appears. The 
Iron and part of the magnesia are thus separated. Dry the 
precipitate, and expose it to the air for some time in a heat of 
200°; then treat it with acetic acid to dissolve the magnesia, 
which solution is to be added to the muriatic solution. The 
iron is to be re-dissolved in muriatic acid, precipitated by an 
alkaline carbonate, dried and weighed, 

Add sulphuric acid to the muriatic solution as long as any 
precipitate appears; then heat the solution, and concentrate. 
Heat the sulphate of lime thus obtained to redness, and weigh 
it: 100 grains of it are equivalent to 74 of carbonate of lime 
dried. Precipitate the magnesia by means of carbonate of 
soda. Dry it and weigh it. But as part remains in solution, 
evaporate to dryness, and wash the residuum with a sufficient 
quantity of distilled water to dissolve the muriate of soda and 
sulphate of lime, if any be still present. What remains be- 
hind is carbonate of magnesia. Weigh it, and add its weight 


to theformer. The sulphate of lime, if any, must also be se- 


parated and weighed.* 


* A better mode of separating the magnesia is by adding carbonate of 
ammonia and phosphate of ammonia to the solution as long as any precipi- 
tate falls. ‘The magnesia is obtained in the state of phosphate of magnesia 
and ammonia. 
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Book u. III. Let us now consider the method of ascertaining the 
Estimation 
ox ea combined. ‘The acids which may be present (omitting the 

gaseous) are the sulphuric, muriatic, and boracic. 

1. The proportion of sulphuric acid is easily determined. 
Saturate it with barytes water, and ignite the precipitate; 100 
grains of sulphate of barytes thus for Wed indicate 33°9 of real 
sulphuric acid. 

2. Precipitate the muriatic acid by nitrate of silver. Dry 
the precipitate and weigh it. Every 100 grains of it indicate 
the presence of 25°34 grains of muriatic acid. 

3. Precipitate the bor acic acid by means of acetate of lead. 
Decompose the borate of lead by boiling it in sulphuric acid. 
Evaporate to dryness. Dissolve. the he acic acid in alcohol, 
and evaporate the solution; the acid left behind may be 


weighed. 
And alka- 4. To estimate the proportion of alkaline carbonate present 
Hine carbo- in a water containing it, saturate it with sulphuric acid, and 


note the weight of ea acid necessary. .Now 100 grains of 
real sulphuric acid saturate 120 potash, aid 80 soda. 

“fo estimate IV. Let us now consider the method of ascertaining the 

sulphates? roportion of the different sulphates. ‘These are six in num- 
ber; the alkaline sulphates, and those of lime, alumina, mag- 
nesia, and iron. 

a. Alkaline, 1, The alkaline sulphates may be estimated by precipitating 


their acid by means of nitrate of barytes, having previously 
freed the water of all other sulphates: for 100 grains of ignited — 


sulphate of barytes indicate 6]°2 grains of dfied sulphate of 
soe and 74°8 of dry sulphate of potash. 

2. Calcaree 2. Sulphate of lime is easily estimated by evaporating the 

ae teil containing it to a few ounces (having previously saturated 
the earthy Cares with nitric acid), and precipitating the 
sulphate of lime by means of weak alcohol, It may be then 
dried and weighed. 

&. Alumi- 3. The quantity of alum may be estimated by pr ecipitating 

braid the alumina by carbonate of lime or of magnesia (if no lime 
be present in the liquid). Twelve orains of the alumina 
heated to incandescence indicate 100 of crystallized alum, or 
AQ of the dried salt. 

1 dh 9p 4. Sulphate of magnesia may be estimated, provided no 

’ other sulphate be present, by precipitating the acid by means 

of a barytic salt, as 100 parts of ignited sulphate of barytes 
indicate 51 of sulphate of magnesia. If sulphate of lime, and 


proportion of mineral acids or alkalies, if any be present un-~ 


| 
| 
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no other sulphate accompany it, this last may be decomposed, 
and the lime precipitated by carbonate of magnesia, The 
weight of the lime thus obtained enables us to ascertain the 
quantity of sulphate of lime contained in the water. The 
whole sulphuric acid is then to be precipitated by barytes. 
This gives the quantity of sulphuric acid; and subtracting 
the portion which belongs to the sulphate of lime, there re- 
mains that which was combined with the magnesia, from which 
the sulphate of magnesia may be easily estimated. 

If sulphate of soda be present, no earthy nitrate or muriate 
can exist. ‘Therefore, if no other earthy sulphate be present, 
the magnesia may be precipitated by soda, dried, and weighed; 
$3 grains of which indicate 100 grains of dried sulphate of 
magnesia. The same process succeeds when sulphate of lime 
accompanies these two sulphates; only in that case the preci- 
pitate, which consists both of lime and magnesia, is to be dis- 
solved in sulphuric acid, evaporated to dryness, and treated 
with twice its weight of cold water; which dissolves the sul- 
phate of magnesia, and leaves the other salt. Let the sulphate 
of magnesia be evaporated to dryness, exposed to a heat of 
400°, and weighed. The same process succeeds if alum be 
present instead of sulphate of lime. | , 

The precipitate in that case, previously dried, is to be treated 
with acetic acid, which dissolves the magnesia and leaves the 
alumina. ‘The magnesia may be again precipitated, dried, 
and weighed. If sulphate of iron be present, it may be se- 
parated by exposing the water to the air for some days, and 
mixing with it a portion ofalumina. Both the oxide of iron 
and the sulphate of alumina, thus formed, precipitate in the 
state of an insoluble powder. ‘The sulphate of magnesia may 
then be estimated by the rules above explained. 

5. Sulphate of iron may be estimated by precipitating the 
iron by means of prussic alkali, having previously determined 
the weight of the precipitate produced by the prussiate in a 
solution of a given weight of sulphate of iron in water. If 
muriate of iron be also present, which is a very rare case, it 
may be separated by evaporating the water to dryness, treat- 
ing the residuum with alcohol, which dissolves the muriate, 
and leaves the sulphate. Or the sulphate may be estimated 
with precision by the rules laid down by Mr. Kirwan.* 

VY. Let us now consider the method of estimating the quan- 
tity of the different muriates which may exist in waters. 


* On Mineral Waters, p. 220. 
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If muriate of potash or of soda, without any other salt, exist 


3. AMSline, 11 Water, we have only to decompose them by nitrate of silver, 


2. Earthy. 


and dry the precipitate; for 100 of muriate of silver indicate — 


52 of muriate of potash, and 41 oftcommon salt. 

The same process is to be followed if the alkaline carbon- 
ates be present; only these carbonates must be previously sa- 
turated with sulphuric acid; and we must precipitate the 
muriatic acid by means of sulphate of silver instead of nitrate. 
The presence of sulphate of soda does not injure the success 
of this process. 

If muriate of ammonia accompany either of the fixed alka- 
line sulphates without the presence of any other salt, decom- 
pose the sal ammoniac by barytes water, expel the ammonia 
by boiling, precipitate the barytes by diluted sulphuric acid, 
saturate the muriatic acid with soda. ‘The sulphate of barytes 
thus precipitated indicates the quantity of muriate of am- 


monia; 100 grains of sulphate indicating 45°5 grains of that 
salt. If sulphates be present in the solution, they ought to 


be previously separated. : 
If common salt be accompanied by muriate of lime, muriate 
of magnesia, muriate of alumina, or muriate of iron, or by 


all of these together, without any other salts, the earths may 


be precipitated by barytes water, and redissolved in muriatic 
acid. ‘They are then to be separated from each other by the 
rules formerly laid down; and their weight being determined, 
indicates the quantity of every particular earthy muriate con- 
tained in the water. For 50 grains of lime indicate 98 of 
dried muriate of lime; 30 grains of magnesia indicate 71°5 
of the muriate of that earth; and 2°125 grains of alumina 
indicate 6°75 of the muriate of alumina. The barytes is to 
be separated from the solution by sulphuric acid, and the mu- 
riatic acid expelled by heat, or saturated with soda; the com- 
mon salt may then be ascertained by evaporation, subtracting 
in the last case the proportion of common salt indicated by 


the known quantity of muriatic acid from which the earths had _ 


been separated. 
When sulphates and muriates exist together, they ought to 


be separated, either by precipitating the sulphates by means of ~ | 


alcohol, or by evaporating the whole to dryness, and dissolving 
the earthy muriates in alcohol. The salts thus separated may 
be estimated by the rules already laid down. 

When alkaline and earthy muriates and sulphate of lime 
occur together, this last salt is to be decomposed by means of 
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muriate of barytes. The precipitate ascertains the weight of chap. rv; 
sulphate of lime contained in the. water. ‘The estimation is "~~" 
then to be conducted as when nothing but muriates are pre- | 
sent; only from the muriate of lime that proportion of muriate 

must be deducted which is known to have been formed by the 
infusion of the muriate of barytes. 

When muriates of soda, magnesia, and alumina, are present | 
together with sulphates of lime and magnesia, the water to be » 
examined ought to be divided into two equal portions. To° 
the one portion add carbonate of magnesia till the whole of 
the lime and alumina be precipitated. Ascertain the quantity 
of lime, which gives the proportion of sulphate of lime. Pre- 
cipitate the sulphuric acid by muriate of barytes. This gives 
the quantity contained in the sulphate of magnesia and sul-— 
phate of lime; subtracting this last portion, we have the quan- 
tity of sulphate of magnesia. 

From the second portion of water precipitate all the mag- 
nesia and alumina by means of lime water. The weight of | 
these earths enables us to ascertain the weight of muriate of » 
magnesia and of alumina contained in the water, subtracting 
that part of the magnesia which existed in the state of sulphate, » 
as indicated by the examination of the first portion of water. — 
After this estimation precipitate the sulphuric acid by barytes 
water, and the lime by carbonic acid. The liquid evaporated 
to dryness leaves the common salt. 

‘VI. It now only remains to explain the method of ascertain~ Estimation 
ing the proportion of the nitrates which may exist in waters.“ weary 

1. When nitre accompanies sulphates and muriates without 1, sisatiue, 
any other nitrate, the sulphates are to be decomposed by ace- 
tate of barytes, and the muriates by acetate of silver. ‘The 
water, after filtration, isto be evaporated to dryness, and the 
residuum treated with alcohol, which dissolves the acetates 
and leaves the nitre; the quantity of which may be easily. 
estimated. If an alkali be present, it ought to be previously 
saturated with sulphuric or muriatic acid. 

2. If nitre, common salt, nitrate of lime, and muriate of 2 Harthy, 
lime or magnesia, be present together, the water ought to be 
evaporated to dryness, and the dry mass treated with alechol, 
which takes up the earthy salts. From the residuum, re- 
dissolved in’ water, the nitre may be separated, and estimated 
as in the last case. The alcohol solution is to be evaporated 
to dryness, and the residuum redissolved in water. Let us 
suppose it to contain muriate of magnesia, nitrate of lime, 
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and muriate of lime. Precipitate the muriatic acid by nitrate 


“v—~ of silver, which gives the proportion of muriate of magnesia 


and of lime. Separate the magnesia by means of carbonate 
of lime, and note its quantity. This gives us the quantity of 
muriate of magnesia; and subtracting the muriatic acid con- 
tained in that salt from the whole acid indicated by the preci- 
pitate of silver, we have the proportion of muriate of lime. 
Lastly, saturate the lime added to precipitate the - ‘magnesia 
with nitric acid. Then precipitate the whole of the pee by 


sulphuric acid; and subtracting from the whole of the sulphate 
ethus formed that portion formed by the carbonate of lime 
. added, and by the lime contained in the muriate, the residuum 
gives us the lime contained in the original nitrate; and 34°5 
_grains of lime form 100 of dry nitrate of lime. . 


BOOK Ill. 
OF MINERALS. 


Aut the solid materials of which this globe of ours is com- 


“posed have received the name of Misenaise and that branch 
-of chemistry which treats of them is distinguished by the title 


of Mineralogy. ‘These substances, without doubt, must have 
at all times attracted the attention of mankind; because from 


them alone are drawn the metals, stones, and other similar _ 


substances of indispensable use. But it is only very lately 
that the method of ascertaining the components parts of these 
substances was discovered, or that it was possible to describe 
them so as to be intelligible to others. From the ancients no 
information of any consequence on these topics is to be ex- 


pected. ‘The whole science of mineralogy has been created. 


since the year 1770, and is at present advancing towards per- 
fection with astonishing rapidity. New minerals are every 
day described and analyzed, collections are every where 
forming, and travels of discovery are succeeding each other 
without intermission. The fruit of these labours has been the 
discovery of no less than five new earths and eight new metals; 
besides a vast number of useful minerals which had been for- 
merly unknown or disregarded. 


DESCRIPTION OF MINERALS. | 233 
Mineralogy, as far,as it is a chemical science, includes Chap. 1. 
under it three different topics; namely, 1. An account of ‘the 
properties and constituents of minerals. 2. An account of 
the various combinations which these bodies form; or of 
compound minerals, as they have been called. 3. The art of 
analyzing minerals. ‘These three topics will occupy our at- 
tention in their order. But as a technical language has been 
adopted by mineralogists in their descriptions, it will be ne- 
cessary, in the first place, in order to render this book intelli- 
gible, to premise a few observations on that subject. 


CHAP. I. 
OF THE DESCRIPTION OF MINERALS. 


Noruine at first sight appears easier than to describe a mi- 
neral, and yet in reality it is attended with a great deal of 
difficulty. ‘The mineralogical descriptions of the ancients are 
so loose and inaccurate, that many of the minerals to which 
they allude cannot be ascertained; and consequently their 
observations, however valuable in themselves, are often, as far 
as respects us, altogether lost. It is obvious, that to distin- 
guish a mineral from every other, we must either mention 
some peculiar property, or a collection of properties, which 
exist together in no other mineral. These properties must be 
described in terms rigidly accurate, which convey precise ideas 
of the very properties intended, and of no other properties. 
The smallest deviation from this would lead to confusion and 
uncertainty. Now it is impossible to describe minerals in this 
manner, unless there be a peculiar term for each of their pro- 
perties, and unless this term be completely understood. Mi- 
neralogy therefore must have a language of its own; that is 
to say, it must have a ¢erm to denote every mineralogical pro- 
perty, and each of these terms must be accurately defined. 
The language of mineralogy was invented by the celebrated 
Werner of Freyberg, and first made known to the world by 
the publication of his treatise on the External Characters of 
Minerals. | 

The object of this. celebrated philosopher was to invent a 
method of describing minerals with such precision, that every 
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Book. species could readily be recognised by those who were ac- 
“~~ quainted with the terms euitloydd! For this purpose, it was _ 


necessary to make use of those properties only which pre- 
sented themselves to our senses on inspecting the mineral. 
These accordingly were chosen, and called by Werner exter- 
nal characters ; because they may be ascertained without’ de- 
stroying the mineral examined. The following is a short 
sketch of the language invented by Werner, and employed by 
him in the description of minerals. 

He divides the characters of minerals into two kinds, namely, 
general and particular. 

The general characters are the following: 1. Colour; 
2) Cenanank 8. Unctuosity; 4, Coldness ; Be Weight: 6. 
Smell; 7. rilakee 

The particular characters are the following: 1. Aspect of 
the surface; 2. Aspect of the fracture; 3. Aspect of the dis- 
tinct concretions; 4. General aspect; 5. Hardness; 6. Tena- 


city; 7. Frangibility; 8. Flexibility; 9. Adhesion to the — 


tongue; 10. The sound. 
I. GENERAL CHARACTERS. - 


I. Corour. The colours of minerals are extremely various. 
Werner conceives eight fundamental colours, and describes 
all ‘the others as compounds of various Migs: of these. 
The fundamental colours are, 

1. Snow white. ‘The colour of new fallen snow. 

. Ash grey. The colour of well burnt wood ashes. 
Velvet black. The colour of black velvet. 
Berlin blue. The colour of prussian blue. 

. Emerald green. The colour of the emerald. 
Lemon yellow. ‘The colour of ripe lemons. 
Carmine red. 

. Chesnut brown. The colour of the ripe chesnut. 

The following table exhibits the principal subordinate co- 
lours, placed in wit: order in which they pass into each other: 


CO ~ID HS oo 


1. Whites. 
Snow white. 
Reddish white. Snow white with a little crimson red and 
ash grey. 
Yellowish white. Snow white with a little lemon yellow 
and ash erey. 
Silver white. Yellowish white with a metallic lustre, 


DESCRIPTION OF MINERALS. 


Greyish white. Snow rethiie with a little ash grey. 

Greenish white. Snow white with a little emerald green 
and ash grey. 

Milk white. Snow white with a little Berlin blue and ash 
grey. 

Tin white. Milk white of a metallic lustre. 


t 


2. Greys. 


' Lead grey. Ash grey with a little blue and the metallic 


lustre. 
Bluish grey. Ash grey with a little blue. 
Smoke grey. Ash grey with a little brown. 
Pearl grey. Ash grey with a little crimson red and blue. 
Greenish grey. Ash grey with a little emerald green, and 
sometimes a trace of yellow. 
Yellowish grey. Ash grey with lemon walla and a trace of 


“brown. 


Ash grey. . 
Steel grey. Ash grey with a little blue and a metallic lustre. 


3. Blacks. 


_ Greyish black. Velvet black with a little ash orey. 
Tron black. Darker than the preceding with a metallic 
lustre. . : 
Velvet black. 
Pitch black. Velvet black with a little brown and yellow. 
Raven black. Velvet black with a little brown, yellow, and 
green. 


Bluish black. Velvet black with a little hubs 


4. Blues. 
Indigo blue. Berlin blue with grey and a little black. 
Berlin blue. : 
Azure blue. Berlin blue with a little red: 
Violet blue. Berlin blue with much red and a little brown. 


Plum blue. The preceding with more red anda very little 
black. 


Lavender blue. Violet blue with a little orey. 
Smalt blue. Berlin blue with white, a little grey, and a 


trace of red. 


| Sky blue. Berlin blue, white, and a little emerald green. 
5. Greens. 


Verdigris green. Emeralds green with much Berlin blue and 
# little white. 
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Sea green. The preceding with a mixture of ash grey. 


vA 


Mountain green. Verdigris green with a little yellowish grey. 


Emerald green. 

Apple green. Emerald green with a little greyish white. 

Grass green. Emerald green with a little lemon yellow. 

Blackish green. Green mixed with a considerable portion 
of black. 

Pistachio green. Emerald green with a little yellow and 
some brown. 

Asparagus green. Pistachio green with a little greyish white. 

Olive green. Grass green with much brown. 

Oil green. Pistachio green with much yellow and ash grey. 

Siskin green. Emerald green with much lemon yellow and 
a little white. 


6. Yellows. 


Sulphur yellow. Lemon yellow with much emerald green 
and white. 

Brass yellow. The preceding with the metallic lustre and 
a little grey. 

Straw yellow. Sulphur yellow with much greyish white. 

Bronze yellow. Brass yellow with a little steel grey and a 
trace of reddish brown. 

Wax yellow. Lemon yellow, reddish brown, and a little 
ash grey. 

Honey yellow. Sulphur yellow with chesnut brown. 

Lemon yellow. 

Gold yellow. Lemon yellow with the metallic lustre. 

Ochre yellow. Lemon yellow with a considerable quantity 
of chesnut brown. 

Wine yellow. Lemon yellow with reddish brown and grey. 

Cream or Isabella yellow. Lemon yellow with greyish white 
and a little brown and red. 

Orange yellow. Lemon yellow with a little carmine red. 


7. Reds. 


Aurora red. Carmine red with much lemon yellow. 

Hyacinth red. Carmine red with lemon yellow and a little 
brown. 

Tile red. ‘The preceding mixed with much greyish white. 

Scarlet red. Carmine red with a very little lemon yellow. 

Blood red. Scarlet red mixed with brownish black. 

Flesh red. Blood red mixed with greyish white. 

Copper red. The preceding nearly, with the metallic lustre. 
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Carmine red. | | 

Cochineal red. Carmine red mixed with bluish grey. 

Crimson red. Carmine red with a considerable portion of 
blue. 

Columbine red. The preceding with more blue and a little 
black. . | 

Rose red. Cochineal red mixed with white. 

Peach blossom red. Crimson red mixed with white. 

Cherry red. Crimson red mixed with a considerable por- 
tion of brownish black. 

Brownish red. Blood red mixed with brown. 


8. Browns. 


Reddish brown. Chesnut brown with a little red and yellow. 

Clove brown. Chesnut brown with cochineal red and a lit- 
tle black. 

Hair brown. Clove brown with ash grey. 

Broccoli brown. Clove brown with ash grey and blue. 

Chesnut brown. 

Yellowish brown. Chesnut brown with a considerable por- 
tion of lemon yellow. 

Pinchbeck brown. ‘The preceding with the metallic lustre. 

Wood brown. Yellowish brown with much ash grey. 

Liver brown. Chesnut brown with olive green and ash grey. 

Blackish brown. Chesnut brown and black. 

In respect of intensity, colours are either dark, deep, light, or 
pale. When a colour cannot be referred to any of the pre- 
ceding, but is a mixture of two, this is expressed by saying, 
that the prevailing one znclines towards the other, if it has only 
a small tint of it; passes into it, if it has a greater. 

When the colour of the surface of a mineral differs from its 
internal colour, the origin of this difference is pointed out, and 
the kind of colour is described. Notice is taken also whether 
the surface reflects the prismatic spectrum, or reflects different 
brilliant colours, like the opal, when its position is altered. 

When the original colour of a mineral is changed altogether, 
and it has assumed another, it is then said to be tarnished. 

When different colours appear in the same mineral, they may 
be disposed in clouds, dots, streaks, rings, veins, zones, &c. 


II. Couzston. With respect to cohesion, minerals are Cohesion, 


either solid, friable, or fluid. 


Ili. Tue Uncrvosiry. Minerals are distinguished into Unctuosity. 
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siness in the foal the second not. 
IV. CoLpness. | 
V. Specrric Gravity. | These characters require no par- 
VI. Smet. | ticular description. 
VIL. Taste. x 


II, PARTICULAR CHARACTERS. 


I, Aspecr or THE suRFAcE. In considering the external as- 
pect or surface of a mineral, three things claim our attention; 
namely, 1. The shape of the mineral; 2. The kind of surface ; 
3. The lustre of the surface. 


1. External shape. 


The external shape is of four kinds: 1. Common; 2. ay 


ticular; 3. Regular; 4. extraneous. 
(1.) oe The form is said to be common when it is too 
irregular to be compared to the form of any other body. 
When a mineral constitutes a part of a solid rock or com- 
pound stone, it is called massive, when its bulk is not less than 
a hazel nut; when smaller than this, it is said to be dissemi= 


nated. When it occurs loose, it is either in angular pieces, in 


grains, in plates, or in membranes. 

(2). Particular, 'The shape of a mineral is said to be par- 
ticular when it can be referred to that of some known body. 
Such shapes are divided into five kinds; namely, long, round, 
flat, cavernous, and entangled. 


The dong are divided into the following : Dentiform, filiform, 


capillary, reticulated, dendritic, coralloidal, stalactitic, cylindri- — 


cal, tubiform, claviform, fruticose. 'The round are the follow- 
ing: Globular, botryoidal, reniform, tuberose, fusiform. The 


‘flat are specular, in leaves. "The cavernous are cellular, perfo- 


raied, corroded, amorphous, vesicular. The entangled is ramose. 
The words in these cases indicate the particular shape which 
the mineral resembles. 

(3). Regular. The form of minerals is said to be Gece 
when they occur crystallized. 


(4), extraneous. Under this head are included all the pe- 


trifications. 
2. External surface. 


The surface of minerals is, Uneven, having small unequal 
elevations and depressions; granulated, composed of ‘small 
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round elevations, like, shagreen; rough, when the elevations 
felt are too small to be distinctly seen; smooth, streaked, drusy, 
coated with small crystals. 


3. External lustre. 


The lustre, in point of intensity, is of five kinds: 1. Splen- 
dent, when in full day-light the lustre can be seen at a great 
distance; 2. Shining, when at a distance the light reflected is 
weak ; 3. Glistening, when the lustre is only observable when 
the mineral is at no greater distance than an arm’s length; 
4. Glimmering, when the surface held near the eye in full day- 
light presents a number of shining points; 5. Duil, when the 
surface has no lustre. 

Lustre is of two kinds, the metallic and the common ; the 
latter is subdivided into semimetallic, adamantine, pearly, resi- 
nous, glassy. 
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I]. Aspecr of tHE rRacruRE. Whena mineral is broken, fracture. 


the new surface exposed is called the fracture. Three things 
claim attention: 1. The lustre of the fracture; 2. The kind of 
fracture; 3. The shape of the fragments. 


1, Lustre of the fracture. 


This is called the internal lustre, and is distinguished in the 
same way as the external_lustre. 


2. The kind of fracture. 


By this is meant the appearance which the internal surface 
of a mineral presents when broken, provided.it be not frac- 
tured in the direction of .one of the natural joints of the mi- 
neral. ‘This appearance obviously depends upon the texture 


of the mineral, The fracture is either, 1. Compact; 2. Ei 


brous ; 3. Radiated; or, 4. Foliated. 

(1). Compact. The fracture is called compact when all the 
parts of the internal surface are continuous. The small ine- 
qualities which occur in this fracture are thus distinguished : 
1, Splintery, when on a surface nearly even small wedge-shaped 
or scaly parts are seen adhering by their thicker end, and al- 
lowing alittle light to pass. 2. Even, destitute of perceptible 
Inequalities. 3. Conchoidal, small roundish elevations and de- 
- pressions like the print of shells, 4. Uneven, having many 
small, sharp, abrupt, irregular elevations and inequalities ; 
and from the size of these, this fracture is denominated coarse, 
small, or fine. 5. Earthy, when the internal surface resem- 
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bles dried earth. 6. Hackly, having many very minute sharp — 
hooks, more sensible to the hand thet the eye. This last frac-_ 
ture is peculiar to the metals. . 

(2). Fibrous. The fracture is called fibrous when the inter- 
nal surface shows the mineral composed of fibres or threads 
adhering together, and too small to be measured. These fibres — 
are either straight or curved, and they are disposed either in 
parallels, or they diverge from each other, or they are inter-_ 
woven together. : 

(3). Radiated. The fracture is called radiated when the 
fibres are flattish and so large that their breadth admits of 
measurement. ‘The internal surface in that case exhibits strie 
or channels, 

(4). Foliated. The fracture is called foliated when the mi- 
neral appears composed of thin plates whose surfaces are 
smooth and polished like the surface of a crystal... The plates 
may be either large, small, or very small ; perfect ov imperfect ; 
straight, or curved in various ways. The direction of the plates, 
or the cleavage, may be either simple, double, triple, &c. 


3. The shape of the fragments. 


By this is meant the shape of the pieces into which a mi- 
neral breaks when struck with a hammer. They are either, 
1. Regular; or, 2. Irregular. | 

(1). By regular fragments are meant those which have a 
geometrical form. ‘They are usually the fragments of crystal- 
lized bodies; and are either cubic, rhomboidal, trapezoidal, te- 
trahedral, octahedral, or dodecahedral. 

(2). By crregular are meant the fragments which have not a 
geometrical form. ‘They are wedge-shaped; splintery, thin, 
long, and pointed; tabular, thin, and broad, and sharp at the 
corners, as common slate; or indeterminate, without any par- 
ticular resemblance to any other body. The edges of indeter- 
minate fragments, are either very sharp, sharp, sharpish, or 
blunt. 

IIf. Aspecr or Tur pistincr concRETIONS. Distinct con- 
cretions are distinct masses, of which certain minerals are 
composed, which may be separated from each other without 
breaking through the solid part of the mineral. ‘They are se- 
parated from each other by natural seams. Three particulars 
respecting these concretions are to be attended to: 1. Their 
shape ; 2. Their surface; 3. Their lustre. 
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There are three kinds of shapes: 1. The granular. When 
the length, breadth, and thickness of a distinct concretion are 
nearly equal, it is said to be granular. Such concretions may 
be either round or angular ; large, coarse, small, fine. 2. The 
lamellar, when the concretions consist of plates laid upon each 
other, and adhering more or less strongly. 3. The columnar, © 
when the breadth and thickness are inconsiderable compared 
to the length. 


2. Surface of the distinct concretions. 


The surface is smooth, rough, streaked, uneven, &c. 


3. The lustre of the distinct concretions. 


It is distinguished in the same way as the external lustre. 

IV. Genera asvect. Under this head: three particulars Generat as 
are comprehended; namely, 1. The transparency » 2. The ?** 
streak ; 3. The sotling. 


1. The transparency. 


By transparency is meant the proportion of light which mi- 
nerals are capable of transmitting. T hey are transparent when 
objects can be seen distinctly through them ; semi-transparent, 
when objects are seen through them indistinetly ; translucent, 
when light passes, but in so small a quantity that objects cannot 
be seen through them ; opaque, when no light is transmitted. 

When opaque minerals become transparent in water, they 
are called hydrophanous. When objects are seen double through 
a transparent mineral, it is said to refract doubly. 


2. The streak or scratch, 


Is the mark left when a mineral is scratched by any hard 
body, as the point of a knife. It is either similar, of the same 
colour with the mineral; or dissimilar, of a different colour. 


3. The soiling, 


Is the trace which some minerals leave when rubbed on the 
fingers or on paper. Some minerals leave a stain or trace, 
others not. Some of the first kind may be employed to write 
with, others not. | 

V. Harpyess. By this is meant the resistance which a Warinem 
body opposes when we attempt to scratch it. Minerals are : 
either, 1. Hard ; 2. Semihard ; 3. Soft. . 
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poor. 1.) Minerals are:called hard when they do not yield to the 
““~-—’ knife, and strike fire with steel. There are three degrees of 
it: 1. Extremely hard, not yielding to the file; 2. Very hard, ; 
yielding a little to the file: 3. Hard, yielding to the file. 
(2.) Minerals are semihard when they yield with difficulty to 
the knife, and do not strike fire with steel. | 
(3.) Soft, when they yield easily to the knife, but not to the 
nail. ; ! 
Tenacity. VI. Tenaciry. With respect to tenacity, minerals are, 
1. Brittle, when on being cut with a knife the particles fly away 
with noise; 2: Sectile, when‘on being cut with a knife the par- 
ticles do not fly off, but remain; 3. Ductile, when the mineral 
can be cut into slices. 
Frangibi- VIL. Franersmiry. By this is meant the resistance which 
lity. minerals make when.we attempt to break them. The degrees 
a are five; namely, 1. Very tough; 2. Tough.; 3... Moderately 
! tough; 4. Fragile; 5. Very fragile. 
Frexibitty. VIII. Fiexipiirry. By this is meant the property of bend- 
ing without breaking. Some minerals are, (1.) Flexible; 
and of these some are, 1. Elastic ; others, 2. Common. (2.) 
Others inflexible. . 
Adherence. EX, ADHERENCE TO THE TONGUE. Some minerals adhere; 
| - 1. Very strongly ; 2. Others moderately ; 3. Others. slightly; 
4. And others very slightly. | 
Sound. : ».4 By Sounp, is. meant the peculiar noise emitted by some 
minerals when. struck or bent.. Some give a ringing sound} 
others a grating sound; others a creaking sound, as tin. 
The particular properties of friable and fluid minerals. re- 
quire no description. 
With respect to ELECTRICITY, some minerals become elec- 
tric when heated, others when rubbed, others cannot be ren- 
dered electric. ‘The electricity of some minerals is positive or 
vitreous, of others negative or resinous, . J 
Blowptpe. The curmicaL properties of minerals will be understood 
without any explanation. In detecting them, the blow-pipe is 
often of singular use, as it enables us in a few minutes to de- 
termine! many points which: by the usual processes would oc- 
cupy a great deal of time. The blow-pipe is merely a tube 
ending in a cavity as fine as a small wire, through which air is? 
forced and made to play upon the flame of a candle, by means 
of which the-flame: is concentrated and directed against small 
particles of the mineral to be examined, either placed upon @ 
bit of charcoal, or in a. platinum or’silver spoon. ‘The ait is 
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either forced into the blow-pipe by the lungs: of the experi+. Chap: 1: 


menter, or by means of bellows attached to the blowpipe. By: 
thus exposing a very small portion of a mineral to the concen- 
trated flame, we see the effect of heat upon it, and have an op- 
portunity of trying the action of other bodies on it at a very 
high temperature, as of borax, soda, microcosmic salt, &ce. 
The properties which these experiments bring into view, enable 
us in many cases to ascertain the nature, and even the compo- 
nent parts of a mineral. 

The blowpipe was first introduced into mineralogy by Von 
Swab. It was afterwards improved by Cronstedt, and still far- 
ther by Bergman. Saussure substituted a fine splinter of cya- 
nite for charcoal, cemented a very minute portion of the mi-+ 
neral to be examined to the point of this splinter, and exposed 
it in that situation to the action of the blowpipe. By this con- 
trivance he was enabled to make his experiments upon;very 


minute particles; and this enabled him to- fuse many. bodies, 


formerly considered as infusible. 


CHAP. II. 
OF SIMPLE MINERALS. 


AVICENNA, a writer of the 11th century, divided minerals 
into four classes; stones, salts, inflammable bodies, and me- 
tals.* ‘This division has been, in some measure, followed by 
all’succeeding writers. Linnzeus, indeed, the first of the mo- 
derns who published a system of mineralogy, being guided by 
the external characters alone, divided minerals into three 
classes, pelre, minere, fossilia: but Avicenna’s classes appear 
among his orders. ‘The séme- remark may be made with re- 
spect to the systems of Wallerius, Wolsterdorf, Cartheuser; 
and Justi, which appeared in succession after the first publica- 
tion of Linneeus’s Systema Nature in 1736. At last, in 1758, 
the system of Cronstedt appeared.’ He reinstated the classes 
of Avicenna in their place; and his system was adopted by 
Bergman, Kirwan, Werner, and the most celebrated minera- 
logists who have written since. The classes shall be adopted’ 

* Corpora Rese sala quatuor species dividuntur; scilicet, in.lapides, et 
in liquefactiva, sulphurea, et sales. Et horum quadam sunt rare substan- 
tiz et debilis compositionis, et quedam fortis substantiz, et quedam: ducti- 
bilia,et quedam non: Avicenna de Congelatione et Conglutinatione Lapi- 
dum, cap. iii. Theatrum Chemicum, t. iv. p. 997. 
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Book I. in the present Work, because none which are preferable have 


Division. 


been hitherto proposed. 
I shall therefore divide minerals into four classes : 


1. Stones; 

2, Salts; 

3. Combustibles ; 
4, Ores. 


The first class comprehends all the minerals which are com- 
posed chiefly of earths; the second, all the combinations of 
acids and alkalies which occur in the mineral kingdom; the 
third, those minerals which are capable of combustion, and 
which consist chiefly of sulphur, carbon, and oil; the fourth, 
the mineral bodies which are composed chiefly of metals. 


CLASS I. STONES. 


Tuis class naturally divides itself into two orders. The first 
order comprehends under it all the combinations composed 
entirely of earthy bodies, or of earthy bodies united with only 
a small portion of an alkali or metallic oxide: The second 
order consists of combinations of earthy bodies with acids. To 
the first order, for want of a better term, we shall give the ap- 
pellation earthy stones ; to the second, that of saline stones. 


ORDER I. EARTHY STONES. 


CronstepT divided this order into nine genera, correspond-. 
ing to nine earths; one of which he thought composed the 
stones arranged under each genus. ‘The names of his genera_ 
were, calcaree, silicce, granatine, argillacee, micacee, fluores, 
asbestine, xeolithice, magnesia. All his earths were after- 
wards found to be compounds, except the first, second, fourth, 
and ninth. Bergman, therefore, in his Sciagraphia, first pub-— 
lished in 1782, reduced the number of genera to five; which 
was the number of primitive earths known when he wrote. | 
Since that period five new earths have been discovered. Ac-. 
cordingly, in the latest systems of mineralogy, the genera be-_ 
longing to this order are proportionally increased. Each ge- 
nus is named from an earth; and they are arranged in the 
latest Wernerian catalogues as follows: 


1. Diamond genus. 6. Calcareous genus. 
2. Zircon genus. 7. Barytic genus. 

3. Siliceous genus. 8. Strontian genus. 
4. Argillaceous genus. 9. Hallite genus. 


5. Magnesian genus. 
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Under each genus, those stones are placed which are com- Chap. 1. 


posed chiefly of the earth which gives a name to the genus, or 
which at least are supposed to possess the characters which 
distinguish that earth. } 

A little consideration will be sufficient to discover that there 
is no natural foundation for these genera. Most stones are 
composed of two, three, or even four ingredients; and, in 
many cases, the proportion of two or more of these is nearly 
equal. Now, under what genus soever such minerals are ar- 
ranged, the earth which gives it a name must form the small- 
est part of their composition. Accordingly, it has not been 
so much the chemical composition, as the external character, 
which has guided the mineralogist in the distribution of his 
species. The genera cannot be said properly to have any cha- 
racter at all, nor the species to be connected by any thing else 
than an arbitrary title. This defect, which must be apparent 
in the most valuable systems of mineralogy, seems to have 
arisen chiefly from an attempt to combine together an artificial 
and natural system. 7 

I shall adopt the Wernerian arrangement of this order, dis- 
carding the old genera and substituting families in their place. 
The following table exhibits the different minerals of this 
order, arranged according to their families. 


I. Diamond Family 6. Iolite 
1. Diamond 7. Tourmaline 
II. Zircon Family 8. Fibrolite 
1. Zircon V. Epidote Family 
Ill. Ruby Family 1. Epidote 
1. Ceylanite 2. Zoisite 
2. Automalite 3. Anthophyllite 
3. Spinell 4. Axinite 
4, Sapphire VI. Garnet. Family 
5. Corundum 1. Leucite 
6. Emery 2. Pyreneite 
7. Chrysoberyl 3. Vesuvian 
8. Turquois 4. Gahnite 
IV. Schorl Family 5. Grossularia 
1. Topaz. 6. Melanite 
2. Schorlite ARE Allochroite 
3. Pyrophysalite 8. Colophonite 
4. Euclase 9. Helvine 


5. Emerald 10. Garnet 
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11. Aplome 


12..Granatite - 


13. Pyrope 
14. EKudyalite 
15.. Cinnamon stone. 
Quartz Family 
. Quartz 
. Iron flint 
. Hornstone 
. Flinty slate 
Flint ; 
. Calcedony 
. Heliotrope 
. Siliceous stalactite 
9. Hyalite 
10. Opal | 
11. Allophanite 
12. Menilite 
13. Jasper 
Pitchstone Family 
1. Spherulite 
9. Obsidian 
3. Pitchstone 
4, Pearlstone 
5. Pumice 
Zeolite Family 
. Karpholite 
. Prehnite 
. Mesotype 
. Natrolite 
. Mesolite 
. Skolezite 
. Stilbite 
- Apophyllite 
. Analcime 
. Chabasite 
. Cross stone, or 
Harmotome 
Lomonite 


Dipyre 


nO 
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X. Azurestone Family 


1. Lazulite 
2. Hauyne 


XI. 


XII. 


XIII. 


XIV. 


XY. 


‘vik Be 


3. Blue spar 
Felspar Family 
. Gehlenite 
. Andalusite 
. Saussurite 
. Chiastolite 
. Indianite 
. Petalite 
. Felspar 
. Ekebergite 
. Gieseckite 
10. Spodumene — 
11. Amblygonite 
12. Scapolite 
Bergmannite 
Elaolite 
Sodalite 
Meionite 
17. Nepheline 
18. Ice spar 
Clay Family 
. Alum stone 
. Porcelain earth 
- Common clay 
. Clay stone 
. Adhesive slate 
. Polishing slate 
Tripoli 
Float stone 
Clay slate Family 
1. Alum slate 
2. Bituminous shale 
3. Drawing slate 
4. Whet slate 
5. Clay slate 
Mica Family 
1. Lepidolite 
2. Mica 
3. Pinite 
4, Chlorite 
Lithomarge Family 
1. Green earth 
2. Pimelite 


Omonr one & YS 


14. 
15. 
16. 
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3. Lithomarge 
4. Rock soap — 
5. Yellow earth — 


6. 
re 


KVI. Soap stone Family 
| 1. Native magnesia 
2. Meerschaum 


8; 


4. Lemnian earth 
5. Fuller’s earth 


6. 


7. Agalmatolite 


XVII. Tal 
1. 


<7 & tr #& oo 


Cimolite 


Collyrite 


Bole 


Steatite 


c Family 


-Nephrite 
. Serpentine . 
. Picrolite 
. Pot stone 
. Tale 

. Nacrite 

. Asbestus 
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XVIIL. Hornblende Family | Chay. a. 


. Hornblende — 
. Carinthine 
. Calamite 
. Actynolite 
. Tremolite 
. Cyanite 
. Rheetizite 
. Diallage 
9. Hyperstene 
XIX. Chrysolite Family 
1. Baikalite 
2. Fassaite 
3. Augite 
4 Chrysolite 
5. Olivine 
XX. Basalt Family 
1. Basalt 
2. Wacka 
3. Clink stone 
4. Iron clay 


The minerals belonging to this order possess the following 
common properties: a specific gravity varying from 4°4 to 0°7. 
The greater number of them are hard enough to scratch 
glass; and this is always the case when the specific gravity 
. Some of them, however, are soft. None of 
them have the true metallic lustre; though some possess the 
false metallic lustre, which disappears on scratching them. | 
None of them are soluble in water ; and. very few of them are ye 
soluble in acids without some particular mode of applying ¥ 
them. Hitherto it has been impossible for chemists to form 
any of them by art. ; 


exceeds 3°5 


J. DIAMOND FAMILY. 


To this family there belongs only a single species ; namely, piamone 
the diamond, which is the hardest and the most beautiful of *™" 


all the mineral productions. 


Sp. 1. Diamond.* This mineral, which was well known 
to the ancients, is found in different parts of Asia, particularly 
in the kingdoms of Golconda and Visapour. It occurs also 


* Hoffman’s Handbuch der Mineralogie, 1, 358. 
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in Brazil, but has hitherto been confined to countries within 
the tropics. | 

Its most common colours are white and grey, of various 
shades. It occurs also blue, red, brown, yellow, and green. 
The colours are commonly pale. It is always crystallized ; 
but sometimes so imperfectly, that at the first sight it might 
pass for amorphous. Its primitive form is a regular octa- 
hedron; but it more commonly assumes a spheroidal form, 
and then has usually 36 curvilinear triangular faces, six of 
which are raised upon each of the faces of the primitive oc- 
tagon. Its integrant molecule, according to Haiiy, is a re- 


gular tetrahedron.—Vor a more particular account of the 
crystals of this mineral, the reader is referred to Romé de 


Lisle,* and Haiy.+ 

The crystals are commonly small. Their surface is smooth 
or streaked, except when the mineral occurs in grains, when 
it is rough or at least uneven. External lustre from splendent 
to glimmering; internal always splendent. Fracture straight 
foliated. Cleavage fourfold, parallel to the faces of the octa- 
hedron. Fragments octahedral or tetrahedral. Seldom oc- 
cur in distinct concretions. ‘Transparency from transparent 
to translucent. Causes single refraction. Hardest body in 


mature. Brittle. Rather easily frangible. Specific gravity 
-3°5185 to 3°5310.¢ When rubbed it becomes positively elec- 


tric, even before it has been cut by the lapidary, which is not 
the case with any other gem.§ 


II. ZIRCON FAMILY. 


The minerals belonging to this family approach the nearest 
to the diamond in their external characters. There is only 
1 species, namely, the zircon ; which is divided into two sub- 
species, common zircon and hyacinth. 


Species 1. Zircon. 
Subspecies I. Common Zircon. || 


This mineral is usually brought from Ceylon; but it has 
been found in Norway, and in Galloway in Scotland.. 

Its usual colour is grey; but it occurs also green, blue, red, 
yellow, and brown. It is found most commonly in roundish 


* Crystallog. i1. 191. t Jour. de Min. No. xxix. 343. 
} Hauy, Jour. de Min. No. xxix. 343. § Ibid, 343. 
|| Hoffmann’s Mineralogie, i. 396. 
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pieces; but it is sometimes crystallized, either in four- Chap.u, 


sided prisms or flat octahedrons. The primitive form of its 
crystals is an octahedron, composed of two four-sided pyra- 
mids applied base to base, whose sides are isosceles triangles.* 
The inclination of the sides of the same pyramid to each 
other is 124° 12’; the inclination of the sides of one pyramid 
to those of another 82° 50’. The solid angle at the apex is 
73° 44.¢ The crystals are usually small, their surface smooth, 
and their lustre shining; but the roundish pieces are some- 
times rough, and their lustre glistening. The internal lustre 
is splendent. 

The fracture foliated with a six-fold cleavage according to 
Mohs. Fragments sharp-edged. ‘Translucent or semi-trans- 
parent.. Causes a very great double refraction. Softer than 
diamond and sapphyr, much harder than quartz. Brittle. 
Rather easily frangible. Specific gravity 4°557{ to 4°721.§ 
I have found it 4°545. 


Subsp. 2. Hyacinth. || 


This mineral is brought from Ceylon, but found likewise in 
France and in other parts of Europe. 

Its usual colour is a hyacinth red, but it occurs also reddish 
brown, grey, and orange yellow. ‘The primitive form of its 
crystals is the same as the preceding. It usually occurs in 
four-sided prisms, terminated by four planes set on the lateral 
edges. The crystals are commonly small, but complete. 
Lateral planes smooth. Lustre shining. Internal lustre 
splendent and vitreous. Fracture straight foliated. Cleavage 
as in the preceding subspecies. Fragments sharp-edged. 
Transparency from transparent to translucent. Scratches 
quartz. Rather easily frangible. [eels a little greasy when 
cut. Before the blow-pipe loses its colour, but not its trans- 
parency. Infusible with soda or microcosmic salt. Melts 
with borax into a transparent glass. 

The constituents of these minerals, as determined by the 
analyses of Klaproth and Vauquelin, are as follows ; 


* According to Mohs it has a six-fold cleavage, and its primitive form 
is a four-sided rectangular prism, terminated by four-sided pyramids set 
on the lateral edges. This is also the most common variety of its crys- 
tallization. : 

+ Haty, Jour. de Min. No. xxvi. 91. 

¢ Klaproth, Beitrage, i. § Lowry. 

| Hoffmann’s Mineralogie, i. 407. | 
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Chrysolite Zircon. Hyacinth, 
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Zirconia ......| 69°0 | 65 | 64°5 70 64°5 | 66 
Silica 20s 25.. il" QO"D™ SS $2°5 25 $2°0| 31 
Tron oxide ..... O°5 Ape 45 0°5 2°O:/o tg 
DROSS ieruiia weenie 4 4°O 1 1°5 4°5 15! 1 


| 100°0 [100 | 100-0 | 100°0 | 1000100 _ 


If we were to consider this mineral asa silicate of zirconia, 
it would follow, that an atom of zirconia weighs only 4°535, 
which is below the weight assigned in a preceding chapter of 
this work. But at present we are not in possession of good 
data to determine the point. It is proper to mention that I 
have found alumina as a constituent of the zircon.** 


III. RUBY FAMILY. 


The minerals belonging to this family are divided into seven 
species, namely, ceylanite, automalite, spinell, sapphire, corun- 
dum, emery, and chrysoberyl. ‘They are all extremely hard, 
and several of them highly valued on account of their beauty. 


Sp. 1. ‘Ceylanite.++ 
Pleonaste of Hauy. 


The mineral denominated ceylanite, from the island of'Cey- 
lon, from which it was brought into Europe, had been ob- 
served by Romé de Lisle; {{ but was first described by La 
Metherie in the Journal de Physique for January 1793. 

It is most commonly found in rounded masses; but some- 
times also crystallized. ‘The primitive form of its crystals is 
a regular octahedron: it often occurs under this form, but 


* Klaproth’s Beitrage, 1. 222. + From Norway. Ibid. iii. 271. 

{ Klaproth, Ibid. v. 180. The specimen was from the Circars in India. 

§ From Ceylon. Ibid. i. 231. 

\| From Expailly. Vauquelin, Jour. de Min. No. xxvi. 106. 

** Annals of Philosophy, xiv. 147. 

+t Brochant, ii. 525. Haiiy’s Miner. iii. 17, Bournon. Phil. Trans. 
1802, p. 318. Hoffmann, i. 530. 

{i Crystallog. iii, 180. Note 21. 
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more commonly the edges of the octahedron are wanting, and Chap. If. 


small faces in their place.* 

Colour appears dark indigo blue, passing into bluish black; 
but when closely examined proves greenish black. Surface 
rough. External lustresmall; internal shining and splendent, 
resinous. [Fracture perfect flat conchoidal. Fragments very 
sharp-edged. Scratches quartz slightly. Softer than spinell. 
Easily frangible. Specific gravity from 3°7647 to 3°7931.+ 
Infusible per se. | : 
Sp. 2. Automolite. 

This mineral has hitherto been found only at Fahlun. It 
occurs in talc slate; and, what is singular, though this rock 
abounds in the neighbourhood of Fahlun, the automalite is 
found only in Eric Matt’s mine. It appears to have been 
discovered by Assessor Gahn, about the year 1805, and was 
soon afterwards examined and analyzed by Ekeberg and Ber- 
zelius, who each separately obtained the same constituents. An 
account of it was published by Egeberg in 1806. t 

Its colour is dark green. Always crystallized in regular 
octahedrons, similar to the form of the spinell. The er yatals 
are small. Longitudinal fracture foliated; cross fracture un- 
even and somewhat conchoidal. Opake, but in small pieces, 
translucent on the edges. When pounded, it becomes light 
green. Scratches quartz. Specific gravity 4°261.§ Not fu- 
sible by the blow-pipe. With borax it melts into a glass, 
green while hot, but colourless when cold. Its constituents are, 


| i 
Alumina ........ ». 60 PP ar: 54 
Shien ek! A epee sa hk ei 
Zane oxide’... 202 Bea 85 98 
Tron oxide ........ bk ee 
Sulphur and loss eee (nace eoecee ig 
aa Aa ee | ae Tn aia 
Undecomposed .... — .... 4 
100:00 100 
 * Haiiy, Jour. de Min. No. xxxviii. 264. + Haiiy. 


} Afhandlingar, i. 84. Hoffmann, i. 526. 

§ Ekeberg, Afhandlingar, i.88. Sometimes small specks of galena may 
be observed in the crystal. Its specific gravity is then 4:3714. It is 
doubtless owing to some such mixture that Haiiy has made the specific 
gravity as high as 4°6969. See Lucas, ii. 237. 

|| Ekeberg, Gehlen’s Jour. v. 443. 

** Vauquelin, Gehlen’s Jour. Second series, ii. 38. 
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The name automolite (deserter) was applied to this mineral 
on account of the portion of zinc which it contains. As its 
crystalline form is the same with that of spinell, it was be- 


lieved at first that automolite was merely spinell, with particles 


of blende mixed mechanically through the crystal. I have 
been even told by some that they could detect the mixture by 
the naked eye. But as the specific gravity of automolite is 
greater than either that of spinell or af blende, it is obvious 
that it must be something more than a mechanical mixture of 
the two; butif it bea ess compound of the two, it is 
entitled to be regarded as a distinct species. Berzelius has 
given to this mineral the name of Gahnite. It is difficult to 
form a correct idea of its composition. I think Vauquelin’s 
specimen must have been impure, as neither EKkeberg nor 
Berzelius detected any sulphur in this mineral. 
Sp. 3.  Spinell.* 

Spinell and baluss ruby of Kirwan—Rubis spinelle octoedre of 

De Lisle—Spinellus of Gmelin. 

This stone, which comes from the island of Ceylon, and 
which has been found also in the granular ejected limestone of 
Vesuvius, and in a limestone} quarry belonging to the iron 
foundary at Oker in Sudermanland in Sweden, is usually 
crystallized. The form of its integrant particles 1 is the tetra- 
hedron. The primitive form of its crystals is a regular octa- 
hedron, composed of two four-sided pyramids applied base to 
base, each of the sides of which is an equilateral triangle. 
In some cases two opposite sides of the pyramids are broaden 
than the other two; and sometimes the edges of the octa- 
hedron are wanting, and narrow faces in their place. For 
figures and descriptions of these, and other varieties of these 
crystals, the reader is referred to Romé de Lisle and the Abbé 
Estner.{ 1t occurs also in tetrahedrons, in rhomboids whose 
faces have angles of 120° and 60°, in rhomboidal dodecahe- 
drons, and in four-sided prisms terminated by four-sided py- 
ramids.§ 

Colour red, passing on the one side to blue, and on the 


other to yellow and brown. From carmine red it passes into 


* Hoffmann, 1. 535. 

+ This lime-stone is primitive, as is obvious from Hisinger’s account of 
the structure of that part of the country. Samling till en Mineralogisk 
Geografi ofver Sverige, p. 150. 

¢ Crystall. ii, 226. Estner’s Miner. 73. § Bournon. 
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crimson, cochineal, and cherry-red; and into plum, violet, Char It 


and indigo blue; and likewise into blood red, orange yellow, 
and reddish brown. Surface smooth. Lustre splendent, 
vitreous. Fracture perfect flat conchoidal, sometimes imper- 
fectly foliated. Fragments sharp-edged. ‘Transparent and 
translucent. Scratches quartz strongly. Scratched by sap- 
phire. Specific gravity from 3523 to 3°815.*  Infusible 
before the blow-pipe: melts with borax. ‘The ancients seem 
to have classed this stone among their hyacinths.+ 

The following table exhibits the composition of ceylanite 
and spinell, according to the most accurate experiments hitherto 
made: 


Ceylanite. Spinell. 

ee 
Alumina ..... AOS A Se a ae 68 745 | 82°47) 72°25 
Magnesia Rib ahaha ae) OE 12 8°25 8°78 | 14°63 
es iiiihs OS af ied 15°5 a 548 
Oxide of iron ..... cath Rie aur LE 15 — 426 
Oxide of chromium ..... wef oo Ree Rea as ya ee 
SANGRE. IRIE GE AP ia — 075); — — 
Undetermined matter...... — —— — 1°83 
ut Spey geansap ieee eee a 0 — 2°18| 1°55 


100 1100°5 /100°00 10000. 


The essential constituents of spinell appear to be 1 atom of 
magnesia and 6 atoms of alumina. I have placed ceylanite 
along with it, because, if we leave out of view the oxide of 
iron, which may be only accidental, its constituents seem to be 
the same as those of spinell. . In automolite oxide of zinc ap- 
pears to be substituted for magnesia. Does the alumina in 
these minerals perform the part of an acid ? 


Sp. 4. Sapphare.t+ 


The stones usually called precious were first distinguished Bie. 


on account of their colour. Those that had a red colour were 
called rubies ; the yellow were topases; the blue sapphires ; and 


* Mohs. + Plinu, lib. xxxvii. c. 9. 
t Collet Descotills, Ann. de Chim. xxxiii, 11. 

§ Klaproth, Beitrage, 11. 10. 

|] Vauquelin, Jour. de Min. No. xxxviii. 89. 

** Berzelius, Afhandlingar, 1. 99. 

++ Hoffmann, 1. 547. 
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Book it. the purple amethysts. It was soon observed, however, that 


most of the properties for which these stones were valued, 
were proportional to their hardness; and as the’ finest’ kind 
came from the east, it was usual with lapidaries to distinguish 
them by the epithet oriental. Mineralogists were accustomed 
to consider these stones as distinct species, till Romé de Lisle 


observed that. they agreed in the form of their crystals, their — 


hardness, and most of their other properties; and Werner 
made the same remark about the same time. These observa+ 
tions were sufficient to constitute them one species; and ac- 
cordingly they were made one species by Romé de Lisle himself, 
by Kirwan, and several other modern mineralogical writers. 
Romé de Lisle gave the species the name of ruby; but this has 
been since confined to a different mineral. This induced 
Hauy to invent the new word ftelesia; but the term sapphire, 
appropriated to this species by Werner and Delametherie, 
was:adopted by mineralogists in general. 

Sapphire is found: in the East Indies,. especially in Pegwand 
the island of Ceylon; and it is most commonly crystallized. 
The crystals are of no great size: their primitive form, as has 
been demonstrated by Bournon, .is a rhomboid, whose angles 
are 86° and 94°, and which, therefore,, is nearly rectangular. 
Sometimes it occurs in this form, though but seldom. Bour- 
non has described no.less. than eight modifications of it. We 
may consider the primitive form as composed of two trihedral 


pyramids united base to base, the solid angles of which are 


composed of three acute angles of the faces. The eight mo- 
difications are, 1. The summit of the pyramids is replaced by, 
a face perpendicular. to: the axis, and of variousisizes. 2., The 


edges of the base of the primitive pyramids: are replaced: by, 


faces:parallel to: the axis, which separates the: pyramids: bya 
six-sided prism with rhombic planes.. Often this modification 
runs into a regular six-sided prisms 3. A: decrement: takes 
place on the flat angles of the base, which converts the pyra- 
mids to six-sided, so that the crystal is: often a dodecahedron, 


composed of two six-sided pyramids applied base to base ; 


but it is very seldom that both pyramids are complete. This 
modification is often combined with the second. 4. The 
solid angle at the summit is replaced by three faces, which 
sometimes become so large as to cause the faces of the primi- 
tive rhomboid to disappear, and converts the crystal into a 
secondary rhomboid, whose faces have angles of 114° and 66°. 


5. A more rapid decrement ofthe same kind: produces:a rhom- 


boid still more acute, the faces of which have: angles of 117° 
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and 63°. 6. Similar decrements, still more rapid, form a chap.m. 
: pia, : 


third rhomboid still more acute, whose faces have angles of © 


119° 14! and 60° 46... 7. The acute angles which rest upon 
the base of the: primitive pyramids suffer a decrement, which 
converts the crystal into a six-sided prism, whose faces cor- 
respond with the solid angles of the base of the primitive 
pyramids. 8. A six-sided pyramid, the solid angle of whose 
summit measures 24°. Each of the edges of the pyramid is 
replaced by a small face, which makes the pyramid a dodeca- 
hedron.* ‘The crystals are complete ; planes often transversely 
streaked. Occurs often in small rolled pieces. 


Colours blue and red. From Berlin blue it passes into in- | 


digo blue, and into azure, violet, lavender, lilac, and sky- 
blue, and deep green: from lilac blue into peach blossom, 
crimson, cochineal, and carmine-red: also into rose-red, 
reddish-white, and yellowish-white: from lavender-blue: into 
pearl and bluish-grey, and bluish-white. Lustre, splendent, 
vitreous. Fracture conchoidal. ‘Transparency from trans- 
parent to translucent. Causes only single refraction. Harder 
than all minerals, except the diamond. Lasily frangible. 
Specific gravity from 3°916 to 4°283.+ Infusible before the 
blow-pipe.. Melts with borax without effervescence. 

| Sp. 5. Corundum. t 

Corundum of Gmelin—Adamantine spar of Klaproth and 

Kirwan—Corindon of Hatiy—Corivindum of Woodward. 


Though corundum appears to have been known to Dr. wistory. 


Woodward,, it may be said to have been first distinguished 
from other minerals by Dr. Black. In 1768, Mr. Berry, @ 
lapidary in Edinburgh, received a box of it from Dr. An- 
derson, of Madras. Dr. Black ascertained that these speci- 
mens differed from all the stones known to Europeans; and, 
im consequence of its hardness, it obtained the name of ada~ 
mantine spar. Notwithstanding this, it could scarcely be said. 
to have been known to European mineralogists till Mr. Gre- 
ville of London, who has done so much to promote the science 
of mineralogy,. obtained specimens of it, in 1784, from India, 
and distributed them: among the most eminent chemists, in. 
order to be analysed. Mr. Greville also learned that its 

* Phil. Trans. 1802, p. 250. + Lowry and Hatiy. 

t See Kirwan’s Min. i. Klaproth in Beob. der Berlin, vii. 295, and. 
Beitrage, i.47. Mr. Greville and the Count de Bournon in the Philoso- 
phical Transactions 1798, p. 403, and in Nicholson’s Jour. ii. 540, and 
lii. 5. Mr. Haiiy, Jour. de Phys. xxx. 193, and Jour. de Min. No. xxviii: 
362, and Mineral. ili. 4. Brochant, i. 356. Hoffmann, i. 565. 


256 


SIMPLE MINERALS. 


Book UI. Indian name was corundum. It is found in Indostan, not far 


from the river Cavery, which is south of Madras, in a rocky _ 
matrix, of considerable hardness, partaking of the nature of 

the stone itself.* It occurs also in China, and in Ceylon, — 
Ava, &c. The Count de Bournon pointed out the resem- 
blance between this mineral and the sapphire, in a dissertation 
published by him and Mr. Greville in the Philosophical 
Transactions for 1798, and suggested it as probable that co- 
rundum may be only a variety of the sapphire; and that the 
seeming difference in their ingredients is owing to the impurity 
of those specimens of corundum which have hitherto been 
brought to Europe. This conjecture has been since con- 
firmed by a subsequent dissertation of Bournon, and the 
chemical analysis of Chenevix.+ Werner subdivides it into 


. two species, namely, corundum and adamantine spar; but in 


reality they seem to be only varieties, or at most subspecies 
of the same species. ‘The chief difference exists in the colours. 
The first is found in India, the second in China. 

The colour of corundum is various shades of green, blue, 
red, and brown. It occurs massive, in rolled pieces, and 
crystallized. Crystals the same as in sapphire. Surface 
rough. External lustre dull; internal shining, vitreous. 
Fracture perfect, foliated. Cleavage fourfold. Fragments 
rhomboidal. Translucent. Scratches quartz. Easily frangi- 
ble. Specific gravity 3°710 t to 4°180.§ 

Sp. 6. Emery. || 

This mineral is brought to Britain from the isle of Naxos, 
where it must exist in great abundance. It occurs also in 
Germany, Italy, and Spain. It is always in shapeless masses, 
and mixed with other minerals. It has been usually con- 
sidered as an iron ore, because it is always contaminated with 
the oxide of that metal. Colour intermediate between greyish- 
black and bluish-grey. Lustre, glistening, adamantine. Frac- 
ture small-grained uneven, sometimes splintery. Fragments 
rather blunt-edged. Sometimes in fine grained distinct @on- 
cretions. Opaque. Scarcely yields to the file. Difficultly 
frangible. Specific gravity about 4. This mineral: is much 
used in polishing hard bodies. , 

The following table exhibits the composition of these mine- 
rals according to the best analyses hitherto made. 


* Garrow and Greville, Nicholson’s Jour. ii. 540. 
+ Phil. Trans. 1802, p. 233. ¢ Klaproth. 
§ Greville, Nicholson’s Jour, iii. 11. || Hoffmann, i. 564. 
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This table seems to show that the composition of sapphire, 
corundum, and emery, is essentially the same. Sapphire is 
nearly in a state of purity; but the other two minerals are 
more or less contaminated by the admixture of foreign bodies. 
In all probability sapphire, supposing it absolutely pure, would 
consist entirely of alumina. The specimen examined by Kla- 
proth contained no other foreign body but 1 per cent. of iron. 
If we take this analysis as the type of purity, and compare 
the others with it, we shall be able to determine how much the 
other specimens were contaminated by foreign bodies. 

Sp. 7. Chrysoberyl.* 
Cymophane of Hay. 

Hitherto this stone has been found only in Brazil, the island 
of Ceylon, and in Connecticut, in North America. Werner 
first made it a distinct species, and gave it the name which it 
now bears. It is usually found in round masses about the 
size of a pea, but it is sometimes also crystallized. The pri- 
mitive form of its crystals is a four-sided rectangular prism, 
whose height is to its breadth as V7 3 to 1, and to its thick- 
ness as ./2to1. The most common variety hitherto ob- 
served is an eight-sided prism, terminated by six-sided sum- 
mits. Two of the faces of the prisms are hexagons, two are 
rectangles, and four trapeziums: two faces of the summits 
are rectangles, and the other four trapeziums. Sometimes 
two of the edges of the prism are wanting, and small faces in 
their place.} 

Colour asparagus green, sometimes passing on the one hand 
to greenish-white, and on the other to yellowish-grey. Ex- 
ternal lustre of the crystals, shining; internal splendent, vi- 
treous. Fracture perfect conchoidal. Fragments sharp-edged. 
Semi-transparent. Scratches quartz and beryl. Brittle. 
Easily frangible. Specific gravity by my trial $°733. Infu- 
sible before the blow-pipe. 

Klaproth’s analysis of this mineral is as follows: 

Alumifia.,4e4 pe tnepee's seltl O 
Silica, jicisa she Meets a's te O 
LAME) 0) sp: ss cootayiete eee career 40-0) 
Oxide of iron .......65+ 1°5 
LOSS « 5:55 shelly Ve aeieber este jo 


aes a a 


100:0f 
* Kirwan, i. 262. ‘Brochant. i. 167. Haiiy, ii. 491. Hoffmann, i. 424. 
+ Haiiy, Jour. de Min. No. xxi. 5. { Beitrage, 1. 102. 
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Sp. 8. Turquois.* 


This mineral has not hitherto found a place in mineral sys- 


tems; though it has been long prized as an ornament, ang 


rivals in price the most beautiful of the precious stones. It. 
was known to the ancients, and appears to be the mineral de-- 
scribed by Pliny, under the name of calais.t Fossil bones 


coloured by copper occur in different parts of France, &c. 


which have been distinguished by the same name, and employed: : 


likewise as an ornament. The first tolerably accurate descrip- 
tion of the turquois was published by Dr. Fischer, of Mos- 
cow. It occurs only in Persia, not far from Nichabour, in a 
mountainous district. Agaphi, the only naturalist who has 
visited the spot, informs us that the turquoises occur in thin 
veins, which penetrate the mountains in all directions. We 
neither know the nature of the mountains, nor of the veins 
in which the turquoises are found. But they occur either in 
very thin pieces, or in round nodules, seldom so large as a 
nut. ‘They are very much valued by the eastern nations, and 
the king of Persia is said to reserve all those which have a to- 
lerable size, and a good colour, for his own use. 


Colour a peculiar bluish green, very pleasing to the eye, and’ 


is what gives value to the mineral. 
It occurs always in amorphous pieces. 


Fracture small conchoidal ; sometimes splintery ; sometimes 


merely uneven. 

Lustre dull or merely glimmering. It admits of a polish; 
but even then the lustre is quite inconsiderable. 

Opaque. Sometimes though rarely transparent in the edges.. 

Rather softer than quartz. Powder white—sometimes it oc- 
curs in decomposed pieces, or is covered by a white matter, 
like clay, which adheres strongly to the tongue. 

Specific gravity varies from 2°6296 to 3°25. According to 
the analysis of Dr. John, the constituents of this mineral are 
as follows : 

Alumina ic. 3645 eID 
Oxide of copper ....  4°5 
Oxide of iron ......  4°0 
Water... . . canes O 
PITRE s,s 6 no sane ti 


100:0f 
* Fischer, Annals of Philosophy, xiv. 406. " ~ + Lib, xxvii. c. 8. 
} Gehlen’s Journal, iii, 96, - Second series. 
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It would appear from this analysis that it is a hydrate of 
alumina,: coloured by a mixture of copper and iron. 

Fischer has divided the turquois into three distinct species 5 
viz. 

1. Calaite. Always blue, in reniform pieces, and opaque. 
Sp. gravity 2°86. 

2. Agaphite. It has a conchoidal fracture, varies in colour, 
and always occurs in thin layers, in an argillaceous iron ere. 
Sp. gravity 3°25. 3 

3. Johnite. It occurs in very thin layers, in a black sili- 
ceous slate. It is harder than the other two species. Fracture 
splintery. Colour pale blue, passing into green, 


Iv. SCHORL FAMILY. 


This family contains 9 species, namely, topax, schorlite, py- 
rophysalite, euclase, emerald, peliom, iolite, schorl, and jfibrolite. 


Sp. 1. Fopax.* 
Occidental ruby, topax, and sapphire. 


The name fopaz has been restricted by Mr. Haiy to the 
stones called by mineralogists occidental ruby, topaz, and sap- 
phire ; which, agreeing in their crystallization and most of 
their properties, were arranged under one species by Mr. 
Romé de Lisle. The word topaz, derived from an island in 
the Red Sea,t+ where the ancients used to find topazes, was ap- 
plied by them to a mineral very different from ours. One va- 
riety of our topaz they denominated chrysolite. 

The topaz is found in Saxony, Bohemia, Siberia, Brazil, 
Scotland, Cornwall, and New Holland, mixed with other mi- 
nerals.in granite rocks. 

It is most commonly crystallized. The primitive form is an 
octahedron composed of two four-sided pyramids whose base 
is a rectangle applied base to base. But it occurs most com- 
monly in eight-sided prisms, the terminations of which are 
somewhat complicated. For a description I refer to Hauy. 

Colour wine yellow. From pale wine yellow it passes into 
yellowish white, greenish white, mountain green, sky blue: 


* Kirwan’s Min. i. 254. Pott, Mem. Berlin, 1747, p. 46. Margraff, ibid. 
1776, p. 73 and 160. Henkel, Act. Acad. Nat. Cur. iv. 316. Brochant, i. 
212. Hoffman, i. 577. 


+ It.got-its name from toratw, to'seek; because the island was ‘often sur- 


rounded with fog, and therefore difficult tofind. See Phnii, lib. xxxvii. ¢. 8. 
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- from deep wine yellow into flesh red and crimson red. Lustre. Chapt. 


splendent, vitreous. Cross fracture perfect straight foliated ; 


longitudinal, small ‘imperfect conchoidal. Fragments sharp- 
edged, sometimes tabular and splintery. Often transparent, 
sometimes only translucent. It causes a double refraction, 
Scratches quartz, but is scratched by spinell. Very easily fran- 
gible. Specific gravity from 3°464 to 3°641.* "The Siberian 
and Brazil topazes, when heated, becomre pasitively electrified 
on one side, and negatively on the other.+ It is infusible by 
the blow-pipe. The yellow topaz of Brazil becomes red when 


exposed to a strong heat ina crucible; that of Saxony becomes 


white by the same process. This shows us that the colouring 
matter of these two stones is difterent. 


Sp. 2. Schorlite.t 


Schorlous beryl of Werner—Leucolite of Daubenton-—Pycnite 


of Hauy. 


This stone, which received its name from Mr. Klaproth, is 


generally found in obleng masses, which when regular are six~’ 
sided prisms inserted in oranite. It is found at Altenberg in’ 


Saxony, in a primitive rock, and likewise in other places. By: crystals, 


careful mechanical division, small four-sided prisms, whese 
bases are rhombs with angles of 120° and 60°, may be obtained 
from the larger specimens. These Bucholz considers as the pri- 
mitive form of the schorlite. The crystals commonly large. 

The colour is white of various shades, passing, on the one 
hand, through greyish white, and yellowish white, into straw 
yellow, and, on the other, through reddish white into peach 
blossom, and even crimson red. Some specimens are marked 
with spots of violet blue. Lustre shining, resinous. Cross 
fracture imperfect foliated ; longitudinal imperfect small con- 
choidal. Composed of thin prismatic distinct concretions, 
which are longitudinally streaked. Translucent. Moderately 
hard. Brittle. Very easily frangible. Specific gravity from 
3°503 to $°530.§ 

Sp. 3. Pyrophysalite.|| 

This mineral was discovered by Assessor Gahn, at Finbo, 

three quarters of a Swedish mile east from Fahlun, in Dale- 


* Werner and Lowry. + Haiiy, Jour. de Min. No. xxviii, 287. 

+ Brochant, i. 224. Haiiy, iii. 236. Bucholz, Gehlen’s Jour. 11, 15. 
Hoffmann, i. 620. 

§ Bucholz. || Hoffmann, iv. 2. 114. 
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Book If, Carlia, where it occurs embedded in gneiss. The first account 


of it was published by Hisinger and Berzelius in 1806.* The 
description as drawn up by Hisinger is nearly as follows: 
Colour white, sometimes with a shade of green. Usually in 
irregular pieces, sometimes approaching to the shape of a 
rhomboid. Fracture foliated. The cleavage appears to be 
triple; but two of them, which are parallel to the sides of the 
rhomboid, are very indistinct ; while the third parallel to the 
axis of the rhomboid is very well defined. Fragments inde- 
terminate, sharp-edged. Translucent on the edges. Scratches 
glass readily, but is itself scratched by quartz. Difficultly 
frangible. Specific gravity 3-451. The powder phosphoresces 
slightly when heated. Scarcely fusible before the blow-pipe, 
but becomes white and opaque, and small bubbles cover its 
surface, which burst when the heat is kept up. With borax 
it melts into a transparent and colourless glass; with soda it 


effervesces, and forms a porous mass. 


Haiiy considers the three preceding minerals, not as distinct 


~species but as mere varieties. And if we attend to their pro- 


perties, and to the following table exhibiting their compo- 


_ sition, we can have little hesitation in adopting that opinion 


as correct : 
* Afhandlingar, i, 111. 


263 


Chap o If. 


"Eg cixy ‘shy op ‘in0¢ ‘aranboe A 44 
"gg “I ‘feuINos S,ua]yaxy ‘Zpoyong | 


-zedoy UOXEg @ pUodes ay} ‘URITIZeIG B SBA SIV OY, 


‘L¢g ‘Al “reBuypueyyy ‘snipozieg tt 


"STG °A SSallag puodeg “piqt ‘yuoidey “% 


"piqt ‘sniyezieg § 


"99% “AL “AVSuT|pueYysy ‘snipezieg f 
“UBLIIGTIS 94} “UO uaats [UO dAvY T 3eq} Saptoutos Ayreau Os synser ayy yng = *sezedoy 

UBI[IZVIG OM] pus ‘uBLIaqIg B ‘uOxeg v ‘suauTIdads ANOJ pozkyzur uranbnea “Teh ‘A “piqt ‘urponbne,a 

‘zedo} UBIfIzRIg B puod—es ayy SuOxeg B SEM uauitaads 4sty OY], "S69 “TH ‘euinor suafyay ‘yjoidepy y 


00-001 0.001 0-001 00T| 00.001 00-001 
a | gp S10. 1 990 
— | Qt 


STONES, 


area See I. 
ae ES = seen ne ao 

78-8 8.9 v LU | LL-4 | S2-2 
6V-8& | 8-96 SV | VS | 96-05 | ¥G-06 
Tg | 9-69 $69 8b | PL-Lg 19P-L9 


{tT 44. xx | il 


“IPTES 
-Aydoas 


*SHLIOYIS 


8[-00T} OOT 00-001) OOT 


6L-L 
10-76 


86-89 


Gre ere 


*zedoJ, 


¢.0 | 


G.Q | o0B1y, | 


® 


0.2 ¢ 
Gc.PY SE 


ED SE 


if ws see 02 4 * EgOrE 


seeees TORBAY 
UOIT JO 9pIxC 
testes QUT 
** plov LION] 
reetes “pornig 


G.LY 6g "°° °° BurlUinly 


f to-: 
It 


sition oO 


5 


ather more silica and fluoric acid. 
m a correct idea of the composition of these 


ysalite is absolutely the same. Schorlite con- 


From Berzelius’ analysis we see that the compo 


paz and pyroph 
tains less alumina and r 


° 
3 


ders schorlite as AF2Z4+ 3AS 


f 1 atom of fluate of alumina and of 3 


DR 
— 
jo) 
S) 
Ww 
a 

= 

Bete, 
oN 
gel 
ae 
> 
ee 
v's 
6 35 
= 
a 


that is, a compound o 


ina; while topaz and pyrophysalite he 
considers as A? F2 + 3 AS, that isa compound of 1 atom 


atoms of silicate of alum 


Mma. 


© 


cate of alum 


But the numbers which we have adopted for the weight of the 


e 
¥ 
7% 


of subfluate of alumina and 3 atoms of sil 


264 


Book Mt. atoms of the constituents of topaz do not agree with this no- . 


SIMPLE MINERALS, 


tion. Berzelius’ analysis indicates | atom fluoric acid, 42 atoms 
silica, and 74 atoms aluniins. Probably the acids in topaz are 
fluosilicie and silicic. [ suspect it to be a compound of 1 atom 
subfluosilicate of alumina and 3 atoms subsilicate of alumina. 


So that its symbol will be A? F & + 3 A’ S. 


Sp. 4. Euciuse.* 


This stone, which was brought from Peru by Dombey, and 
which was afterwards found in Brazil, was at first confounded 
with the emerald, on account of its green colour. It is always 
crystallized. ‘The primitive form of its crystals is a rectan- 
gular prism, whose bases are squares; but it usually occurs in 
four-sided oblique prisms, two angles of which are square, the 
others 130° 55’, according to the measurement of Wollaston. 

The crystals are longitudinally streaked. Colour mountain- 
green. Lustre splendent, vitreous. Longitudinal fracture fo- 
liated. Cleavage twofold. Cross fracture conchoidal. Causes 
a double refraction. Scratches quartz. Very easily frangible. 
Specific gravity 2:907.} Fusible before the blow-pipe into a 
white enamel. This mineral was subjected to an imperfect 
analysis by Vauquelin,{ and a more complete one by Berze- 
lius, who found its constituents as follows: 


Spida oS. sa sde bsmoG) hot rama eae 
PM ORI Te bile Tre 2 tees + 5 «. 30°56 
Giueina «0.4273 IS 

(yidectofiirom -..) 6° 8B ges eck ot BBP = 


Oxide of tin,..... bag SRS ec 0 
or: a nee ae GA «Get 2a Be oe 1°42 
100 -100°00§ 


This analysis is too imperfect to enable us to determine the 
constitution of euclase. Its specific gravity is sufficient to show 
that it is specifically different from the emerald. 


Sp..5. Emerald. 


Of this species there are two subspecies, namely, emerald 
and beryl. 


* Brochant, ii. 508. Haiiy, ii. 581. . Hoffmann, i. 592. 
+ Lowry, } Jour. de Phys, xii. 317. 
§ Berzelius, Annals of Philosophy, xiii. p, 381. 
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This mineral comes chiefly from Peru; some specimens have _ 
been brought from Egypt. Dolomien found it in the granite 
of Elba. dairies it has been found only crystallized. The crystats. 
primitive form of its crystals is a regular six-sided prism ; and 
the form of its integrant molecules is a triangular prism, whose 
sides are squares, and bases equilateral triangles.f ,'The most 
common variety of its crystals is the regular six-sided prism, 
sometimes with the edges of the prism, or of the bases, or the 
solid angles, or both, wanting, and small faces in their place. 

Crystals short ; lateral planes smooth, terminal planes rough. 
Colour emerald green of all intensities. Internal lustre be- 
tween splendent and shining, vitreous. Tracture small imper- 
fect conchoidal, with a at Nes foliated fracture and four- 
fold cleavage. Fragments sharp-edged. ‘Transparent or trans- 
lucent. Causes double refraction. Scratches quartz with dif- 
ficulty. Specific gravity. from 2°732§ to. 2°7755. || 


Subsp. 2. Beryl. 


This mineral is found embedded in primitive rocks and veins 
in many parts of the world, especially in Siberia. It is crys- 
tallized in the same forms as the emerald. The crystals are 
long, have their lateral planes longitudinally streaked, their 
termmal planes smooth. 

Its most common colour is green; from mountain green, it. 
passes into apple, asparagus, oil green, honey-yellow; alsointo 
smalt and sky-blue. The colours are usually pale. Lustre 
shining, vitreous. Cross fracture between uneven and small 
imperfect conchoidal: longitudinal fracture foliated, with a 
four-fold cleavage. Fragments sharp-edged. When massive 
it consists of thin prismatic distinct concretions. Transparent; 
sometimes only translucent, and then it exhibits cross rents. 
Causes double refraction. Nearly as hard as topaz. Easily 
frangible. Specific gravity 2°678 to 2°782.** 

‘These two minerals become electric by friction, but not by. 
heat. ‘The powder does not phosphoresce when thrown on a 


* Kirwan, i. 247 and 248. Dolomieu, Magazin Encyclopedique, ii. 17 
and 145; and Jour. de Min. No. xviii. 19. Klaproth’s Beitrage, di: 12. 
Brochant, i. 217. Haiiy, ii. 516. Hoffmann, i, 596. 

+ Haiiy, Jour. de Min. No. xix. 72. . 

If Romé de Lisle, ii. 445, and. Haiiy, ibid, 
§ Mohs. || Hatiy. - ** Mohs. 
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pook ut. hot iron.* At 150° Wedgewood they melt into an opaque 
coloured mass. According to Dolomieu, they are fusible per 
se by the blow-pipe.f . 
The following table exhibits the composition of this species, 
according to the most accurate analyses hitherto made. 


Emerald. Beryl. 
pi agri) See 
Silteass ease tihs% eee eel 64°5 | 68°50} 68 | 66°45] 68°35 
Alumina woscs ceapene es athe 15°75| 15 | 16°75! 17°60 
Glucina) ice BP ae Bs: 12°50| 1 15°50} 13°13 
Oxide of ala hl LN 3°25| 0°30; — | —}i-— 
Oxide of iron ........| — 1:00} 1 0°6 0°72 
Oxide of tantalum ....} —— — | — 0'27 
Thies FR See et Bee. Bs et be 0°25 Q;—/}— 
WV need ty vis lS Be Sie o — | — | —— | —— 
ee SOR 


DGOSE Sc ale coats Comerene ae 9.9 wend 1°70 


epee SS Se ES 


100°35)100°00 L100 100°00 fees? 07 


From these analyses it follows that the constituents of eme- 
rald and beryl are precisely the same, and that the only essen- 
tial constituents are silica, alumina, and glucina. It is there- 
fore a double silicate. It seems to be a compound of 1 atom 
of bisilicate of glucina and of 2 atoms of silicate of alumina. 
Chromium is the colouring matter of the emerald and iron of 
the beryl. 

Sp. 6. olite.tt{ 


Dichroite of Cordier ; Cordierite of Lucas. 


This mineral was brought to France from Grenada in Spain, 
where it occurs in two different places apparently in floetz trap 
rocks. At Arendal in Norway it has been found lately m- 
bedded in primitive trap. As its crystalline form has not been 
ascertained we cannot be certain that it is entitled to be con- 
sidered as a peculiar species. I have placed it here however 


* Dolomieu, Jour. de Min. No. xviii. 19. + Ibid. 
} Vauquelin, Jour. de Min. No. xxxviii. 98. 
§ Klaproth, Beitrage, ili. 226. 
_ || Vauquelin, Jour. de Min. No. xliii. 563. 
** Klaproth, Beitrage, il. 219. 
++ Berzelius, Afhandlingar, iv. 192. The specimen was from Broddbo. 
tt Lucas, ii. 219. Hoffmann, 1. 589. 
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provisionally. There are two other minerals, which have been 
described as distinct species under the names of steinhepht 


and peliom. ‘There are strong reasons for suspee 


Ba ie) é ae Eharae teristic 
be mere varieties of iolite. But till ane rf hj Ne 
specimens be procured t- _.ic¢ US to determine this point, it 


-ai 


will be safs « pace each separately as subspecies. ‘The cha- 
_.acters of iolite proper are as follows: 


Its colour is muddy violet-blue. When viewed in the direc- 
tion of the axis of the crystal its colour is violet-blue, but 


_when looked at in a direction perpendicular to the axis, its co- 


Jour is yellowish-brown. 


It is frequently crystallized in equilateral six-sided prisms 


with rough surfaces. Lustre shining and vitreous. I*racture 
usually small-grained uneven, sometimes imperfect conchoidal. 


Fragments sharp angular. Specific gravity 2°560.* Alter- 


nates from translucent to opaque. Scratches quartz with dif- 
ficulty. Easily frangible. According to the analysis of Dr. 


Leopold Gmelin, the constituents of iolite are as follows: 


RUE, SA whe arabes las Be .» 42°6 
A ECETITELED 1/004) evans Sete wart see 6 aa 
PN acest kerr OO 
| Cae a ali a ses caglicbaee Sug 
Protoxide of iron........ 15°0 
Oxide of manganese...... 1°7 


1012+ 
Subsp. 2. Séetnhealite. 


This mineral occurs in Finland, and has been long known 


in collections under the name of blue quartz. Count Stein- 


heil, Governor of Finland, suspecting it to differ from quartz, 
requested Professor Gadolin to examine it, and he found in it 
a considerable quantity of alumina, and published an elaborate 


- description, and analysis of it. 


Colour smalt blue with a slight admixture of red. All the 
specimens which I have seen were amorphous, but Gadolin 
describes it as crystallized in four-sided rectangular prisms, in 
six-sided and in eight-sided prisms. Fracture coarse splintery, 
and sometimes imperfect conchoidal. Lustre shining, vitre- 
ous. Fragments indeterminate, very sharp-edged. ‘Translu- 


* Cordier. + Schweigger’s Jour. xiv. 316., 
+ Memoires de ’ Academie Imp. des Sciences de St. Petersburg, 1818, 
vi. 565. 
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Book. cent. In thick masses only translucent on the edges. Slightly 


a 


scratched by rock crystal. Very easily frangible. Sp. gr. — 
. -my trial. Gadolin found it 2°6026. Before the blow- 


eh Ser 1 
vipe it does’. , 
pip : ee with soda. Borax acts upon it, but not 
powerfully. The fuseu v—. - 

“ - enlourless. 


Th e a7 . e rs t, 
ne cOnstaients of this mineral accurm.~,, +, the analysis 
of Gadolin, are as follows: 


tice ss fee Apr A” ss | 
Rlitenittia AAP, eee 
New substance ...... 10°0 
Magnesia ...+-.++- 8°3 
Protoxide of iron .... 5°6 
Water” iecy se ee irra 

99°8 


The new substance was a red powder, possessing peculiar 
properties, which Gadolin describes at length. But Stromeyer 
has since analyzed steinheilite without being able to detect 
any of the supposed new substance. We must, of course, sus- 
pend our judgment respecting its existence. 


Subsp. 3. Peliom.* 


“This mineral occurs at Bodenmais, in Bavaria, and was 
named by Werner, from its blue colour (meMopo). Its co- 
lour is intermediate between azure and blackish blue. It oc- 
curs massive and crystallized, according to Breithaupt in six- 
sided prisms. 

Its fracture is small, and imperfect conchoidal. ‘The erys- 
tallized specimens exhibit an imperfect foliated fracture, with 
a four-fold cleavage (indicating probably an octahedral struc- 
ture). 

Lustre shining and vitreous—translucent—about as hard as 
quartz—brittle—reduced to powder with difficulty. 

Specific gravity 2°541 according to Leopold Gmelin 57. 
2-714 according to Brandest (bat the specimen was much 
mixed with mica); 2°5995 according to Stromeyer.§ When 
heated, it becomes electric, and, if we believe M. Blede,. it 
possesses both kinds of electricity. Before the blow-pipe, it 
fuses with much frothing into a transparent. bead. 


* Hoffmann, iv. ii. 117. Brandes, Schweigger’s Jour. xxvi. 90. 
+ Hoffmann’s Mineralogie, iv. 2. 118. 
+ Schweigger’s Jour. xxvi. 91. ~ § Gilbert’s Annalen, 1xiii..377, | 
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We have three analyses of this mineral, according to which Presi: 


its constituents are as follows: 


PL -) ein 'n lao witte tip, oe = 0 A Oise oe DOT «es. 4971 200 
PPLITAUTUTA sas 5.9) San io ip dn 6 FG 6 uh ee BOO. 4 ue BP LOSS 
-Magnesia..+........ ais Oi eas gh ORR SL Eee) 
ee ne ge) SE a ice, so ae 
OSE ae ee a OS EI! beetle ts A eae Me RCTS: 
POOTHONICG 4°s)3.. ss 0’ Rea Lone) LO day, hipee Caen eSO 
Manganese oxide ...... Pree). OHS, .... Trace 
De Math scartgeetye ard berry IstyGAh «sis I Aovhow sve tiO42 
99'5 99°68 99°2977 


From the above description and analysis of these three mi- 
nerals there are strong reasons for considering them as belong- 
ing to one species. Steinheilite and iolite indeed I have com- 
pared; but I have not yet seen a specimen of peliom. 


Species 7. Tourmalin.§ 


The word schorl, by which this mineral is distinguished in 
the Wernerian system, is said to be derived from the village 
of Schorlaw in Saxony, where the mineral to which that nam 
was originally given was first observed. ; 


No word has been used by mineralogists with less limitation pistory. 


than schori. It was first introduced into mineralogy by Cron- — 


stedt, to denote any stone of a columnar form, considerable 
hardness, and a specific gravity from 3 to 34. This descrip- 
tion applied to a very great number of stones; and succeeding 
mineralogists, though they made the word more definite in its 
signification, left it still so general, that under the designation 
of schorl almost 20 distinct species.of minerals were included. 
Werner first defined the word schorl precisely, and restricted 
it to one species of stones. It occurs commonly in granite, 
gneiss, and other similar rocks; often massive but very fre- 
quently crystallized. Primitive form of its crystals is an ob- 
tuse rhomboid; the solid angle at the summit of which is 139°, 


* Leopold Gmelin, as quoted by Breithawpt. Hoffmann, iv. 2. 119. 
* Brandes. The specimen was much mixed with mica. Schweigger ubi 
supra. 
Stromeyer. The specitnen was from Simiutak. Gilbert’s Annalen, lxiii. 
§ Kirwan, i. 265. Haiiy, iii. 31. Brochant, i. 226. Hoffmann, i. 627. 
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pook m1. having rhombic faces, with angles of 114° 12’ and 65° 48’: 


but it usually occurs in three, six, eight, nine, or twelve-sided 
prisms, terminated by four or five-sided summits, variously 
truncated; for a description of which the reader is referred to 
Haiiy* and Bournon.t ‘The faces of the crystals are often 
convex. 

Werner divides this species into two subspecies, distin- 
guished chiefly by their colour, and the situation in which they 
are found. 


Subsp. 1. Common tourmalin or sehorl. 


Colour velvet black. Found usually massive, rarely crys- 
tallized. Crystals three-sided prisms, having their lateral 
edges truncated; sometimes terminating ina pyramid. ‘The 
crystals are mostly acicular. Lustre glistening, vitreous. Frac- 
ture conchoidal, between imperfect and small grained uneven. 
Opaque. Often composed of thin prismatic distinct concre- 
tions. Streak grey. Hardness rather inferior to quartz. Spe- 
cific gravity from 3°104 to 3°225. When heated to redness, its 
colour becomes brownish red ; and at 127°. Wedgewood, it is 
converted into a brownish compact enamel. f 

It often becomes electric when heated, precisely like the suc- 
ceeding subspecies; but sometimes, from its containing par- 
ticles of iron, the experiment does not succeed.§ 


Subsp. 2. Electric tourmatline.|| 


This stone was first made known in Europe by specimens 
brought from Ceylon; but it is now found frequently forming 
a part of the composition of mountains. It is sometimes in 
amorphous pieces, but much more frequently crystallized in 
three or nine-sided prisms, with four-sided summits. 

Principal colours green and brown. From leek green passes 
into pistachio and olive green; liver brown, yellowish and 
reddish brown; hyacinth and crimson red ; violet, azure, ber- 
lin, and indigo blue. Found usually crystallized. Crystals 


* Miner. ill. 34. | + Phil. Trans. 1802, p. 313. 

+ Kirwan’s Min. 1. 166. § Haiiy, i. 56. 

|| Kirwan, i.271. Bergman, ii. 118, and v. 402. Gerhard Mem. Berl. 
1777, p. 14. Haiiy, Mem. Par. 1784, p. 270. Wilson, Phil. Trans. xli. 308. 
#Epinus, Recueil sur la Tourmaline. See also La Porterie, le Sapphir, l’Oeil 
de Chat, et la Tourmaline de Ceylon, demasqués. Brochant, i. 288. Sir 
William Watson has shown that the lyncurium of the ancients, as described 
by Theophrastus, must have been thetourmaline, Phil. Trans. 1759, p. 394. 
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three, six, or nine-sided prisms, variously truncated. Lateral chap. 1. 


faces usually striated longitudinally. Internal lustre splen- 
dent, vitreous. Cross fracture has a tendency to foliated ; lon- 
gitudinal, perfect conchoidal. Sometimes transparent, often 
opaque. Hard. Rather easily frangible. Specific gravity 
from 3°0704* to 3°155.+ 
When heated to 200° Fahrenheit, it becomes electric; one 

of the summits of the crystal negatively, the other positively. t 
It reddens when heated; and is fusible per se with intumes- 
cence into a white or grey enamel. 

_ The siberite of Lermina, called daourite by Lametherie, a 
mineral found in Siberia, is considered as merely a variety of 
tourmalin. The rubellite also is a red tourmaline. 


* Hauy. + Werner. { £pinus. 


exhibits the most accurate exper 


SIMPLE MINERALS. 


The following table 


Book I. 


272 


‘oruy w fq poyoredos <]Isee Suteq SupeuIn0} ay} weg? Jayos youu st yy “eyfoptday paziqyeysho jo owen oy Aq 


"S poysinsurysip Ayensy Surpewsn0} uso1s B SUM pozdjeur uoutoeds oy yt, “86 “X ‘sky op Jo ‘WIYD ep ‘uuy “UOspaAly fe 
bod 3 ; "YystyoR[q puoses of 
= 4suoaedsuesy sem 3S1y oy} f VIIAGIg WO. OUTTeWINO} pot 19M suattoeds y0g “68h ‘A [VuINOL S.LaTqor) ‘urenbneA yy 

= . "BIIEQIS WO. PUODES Ot} “BuYyISOY WLOIJ PIOYOS pat IsAY OF, "06 °A ‘auntog ‘yoidepy \| 
a -eg ‘ut ‘Knexy ‘urpanbnea § 


"z1ussodg WOIy Pu0deS oY} ‘yooysueqiy Woy weurtseds 4S1y O4T, “SPT “A ‘gsvi}log ‘yioideyyy F 
| "}pArVYyIOL) “9G WOIF TOYS YOR] soyOUV "piqt ‘zjoyong + 
‘ypavyyory "9g Woy [Aoyos youyq VY ‘PS “Mt syeuanor s ledsTIaMYOg “ZjoyINg » 


ene: RE ee EE eS ee any EEE ERG OREN ES GO ae a 


00-00T| 00-00T| 60-00T (00-001 00.001 00-001! 00-00T| 00-00T| 000-00T) 00-00T 


the composition of th 


BS ee ee, ER Ee | ee Se 

C8-6 G I I OF-G |99-6 |O09-T OF.5 .4-096-61 MIGel 1 ee eee 

09-S waite = + a cer ee Pe he ae 000-3 03-1 eoceveee cn eeoe JOVEN 

OL-1 =e — — — 4 = soe — —— |e" prov o10Bs0g 
: cena OL OL OL 00-6 Saale a See. mre oe cle wie 610 428 6 -6le:8 6 Bpog 
‘E OS -P ae fon esate ae, Stee peta ears, Sa Aa, ee5nreeene © #& & © B BIGuyT 
8 fe = > ete kk. tae 00-9 O¢.g ae, dees Yio a Pee Se IO oF 
<2 7 a — — 1OL0. | P85 i ZOO.) SEO en ee Re 
Be 09-1 ST L 9 +09.1 z \ooety, | oovay,| cowry, | ooery, | osouvsuvut jo epixO 
: C8.7 = — — more G.Z1L |00-1G | 09-86 |S31-9 |00-8 | °***’ UOAT JO OPIXC) 
3S eee S| ee ee oe Sle — 2 / oz. oe | 966-9-./ 809 to 
a 0S -.0F 06 OF | OF 9G-6V 6§ |09-6§ | 00-1 | 009-16 | GL-66 fr" see BUTOUNT 
9 06 -0P cy ov ov | 0G-67 OF 191-98 |09.9$ | SG1L-96 |O0G-96 ;""" 9 Sap earl tsS 
a pe Se TEE ae 7 pe ree | ——— 
ma | § t 


4 


ct eee 


I 
4% 


a 4 


STONES, 


From these analyses it would appear that there is a marked 
distinction between the composition of rubellite and the other 
varieties of schorl. Rubellite contains no iron, but a notable 
quantity of manganese and soda, both of which are wanting in 
schorl. The great loss sustained by Bucholz in his analyses, 
though they were made with great care, and after the analyses 
of Klaproth and Vauquelin, render the composition of schorl 
doubtful. Some years ago, it was announced in the German 
Journals, that Lampadius had detected boracic acid in the 
tourmalin. The accuracy of this result was denied by Pro- 
fessor Gmelin, of Tubengen. But M. Vogel, of Munich, has 
repeated the experiments, and actually extracted a quantity of 
boracic acid from a black tourmalin, from the Oberpflatz.* It 
seenis, demonstrated then that this acid is a constituent of the 
tourmalin. Hence, it is obvious, that a new set of analyses is 


ae 


Chap. Wf. 


we 


requisite before we can form an accurate notion of the chemi- ~ 


cal composition of this interesting species. 


Sp. 8. Fibrolite.t 


This mineral was first observed by Bournon in the matrix. 


of the imperfect corundum, Colour white or dirty grey. Hard- 
ness rather greater than that of quartz. Specific gravity 3°214, 
Texture fibrous. Cross fracture compact. Internal lustre 
glossy. Infusible by the blow-pipe. Usually in shapeless frag- 
ments. | Bournon observed one specimen crystallized in a 
thomboidal prism; the angles of whose faces were s0° and 
100°. It is composed, according to Chenevix, of 


58:25 alumina 
38:00 silica | 
3°75 a trace of iron and loss. 


ee ED SD 


10000 
~ It is a subsilicate of alumina. 
Vv. EPIDOTE FAMILY. 


This family contains only four species ; namely, epidote, zot- 
site, anthophyllite, and axinite. If the two first be only varie- 
ties of the same species, as seems to be the case, this family 
will be reduced to three species. 


* Schweigger’s Journal, xxii. 182. 
+ Bournon, Phil. Trans, 1802, p. 289. 
{ Ibid. p. 335. 
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Sp. 1. Epidote.* 


Book 1. Delphinite of Saussure— Pistacite of Werner—Thallite of La- 
Nes oe’ 


Crystals. 


metherie-—Acanticone, arendate of Dendrada. 


This mineral, which occurs in the fissures of mountains, was 
first observed in Dauphiny, afterwards in Germany, Norway, 
Scotland, and other countries. 

It occurs massive and crystallized. ‘The primitive form of 
its crystals is a rectangular prism, whose bases are rhombs with 
angles of 114° 34’ and 65° 23’.+ The most usual variety is 
an elongated four-sided prism (often flattened), terminated by 
four-sided incomplete pyramids ; sometimes it occurs in regu- 
lar six-sided prisms.{ Colour green. The crystals are often 
very slender ; longitudinally streaked. Internal lustre shining. 
Fracture sometimes foliated, sometimes variously radiated. 
Fragments sometimes wedge-shaped and splintery. In coarse 
granular distinct concretions. Translucent; sometimes trans- 
parent. Hard. Easily frangible. Specific gravity from 3°428 
to 3-470. Powder white or yellowish green, and feels dry. It 
does not become electric by heat. Before the blow-pipe it 
froths and melts into a black slag. With borax it melts into 


a green bead.§ 


Sp. 2. Zoisite. || 


This mineral was introduced into the system by Werner, 
who named it from Baron Von Zois, the discoverer. It occurs 
in primitive mountains, and has been found in Carinthia and 
Baireuth, and likewise in Aberdeenshire in Scotland. Hauy 
considered it as a variety of epidote, 

Colour yellowish grey, sometimes smoke grey. Massive and 
crystallized in very oblique four-sided prisms, having their ob- 
tuse angles rounded off. Crystals longitudinally streaked. In- 
ternal lustre shining, inclining to pearly. Fracture foliated ; 
in massive pieces, inclines to radiated. Only a single cleavage 
parallel to the shorter diagonal of the prism hitherto disco- 
yered. Shows a tendency to thin columnar distinct concre- 


‘tions. Translucent. Specific gravity 3°315.** It does not 


fuse before the blow-pipe. * 


* Brochant, 1.510. Haiiy, ii. 102. Hoffmann, 1. 654. 

+ Haiiy, Jour. de Min. xxviii. 271. 

¢ Romé de Lisle, Crystall. 11. 401; and Haiiy, Jour. de Min. No. xxx. 415- 
§ Haiiy and Descotils, Jour. de Min. No. xxx. 415. 

|| Hoffmann, 1.665. 

*® Klaproth, Gehlen’s Jour. Second Series, i. 195. 
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The following table exhibits the experiments hitherto made Chap. I. 


to determine the composition of these minerals. 


Epidote. ZLoisite. 
Vesela aati nce iad du 
Meo [he Gibegerleqar| ae 

UTS, Oe ele a 37 a1 37 45}47.5 | 40°25 | 44°0 
PGMA tees eas) 27. | 21 26'6] 29|29°5 | 30°25} 32°0 
ee 3." , 14 15 yA0) 211/17°5 | 22°50; 20°0 
Oxide of iron. ..| 17 24: 13 3] 4°5 450] 2°5 
Ox. of manganese} 1°5| 1°5) 0-6| —| —— 
Moisture. ..45.),; ——|, ——| 1-8: 0-75). 2-00} —— 
Bee de oy ne, 3°5 1°5 1 2} 0:25) - 0°50 1°5 

100°0 |100°0 |100°0}100/100 |100°00 |100°0 


The specimens of epidote seem to have been pure, as the 
results in the above table accord very nearly, except in the 
oxide of iron, which is probably often mixed with other mine- 
rals. Berzelius considers itas CS + 2fS + A S oracom- 
pound of 1 atom silicate of lime, 2 atoms silicate of iron, and 
3 atoms silicate of alumina. Zoisite is probably epidote mixed 
with a quantity of extraneous matter. 


Sp. 3. Anthophythte.++ 


This mineral was first observed at Konigsberg in Norway, 
and described by Schumacher. 

Colour light hair brown, passing into clove brown. Mas- 
sive. It occurs also in thin flat six-sided prisms, longitudinally 
streaked, and wanting the extremity. Lustre splendent, ada- 
mantine. Fracture straight fibrous. Fragments approaching 
to four-sided prisms. In granular distinct concretions. Crys- 
tals transparent, massive pieces translucent on the edges. 
Streak white. Semihard in a high degree. Remarkably brit- 
tle. Specific gravity 3°156. Powder white with a shade of 
yellow. When exposed in a crucible to the temperature of 32° 


* Descotils, Jour. de Min. No. xxx. 420. 

+ Vauquelin, Haity, iii. 104. { Laugier, Ann. de Chim. lxix. 320. 

§ Klaproth, Gehlen’s Jour. Second Series, i. 197. 

|| Bucholz, ibid. p. 201. 

** Klaproth, Beitrage, v. 43... The specimen was of friable zoisite. 

++ Karsten and John, Geblen’s Jour. Second Series, 2.496. De-la-Me- 
therie. Jour, de Phys, lxivy. 356. Hoffmann, i. 672. 
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Book II. _ Wedgewood it becomes opaque and dark clove brown ; but its 


other qualities remain unaltered. Infusible before the blow- 
pipe alone, but with borax it melts into a grass green transpa- 
rent bead. With microcosmic salt it melts into an oil green 
bead. With fixed alkali it melts readily. | 
Its composition according to the analysis of John is as fol- 

lows: 

MHLICA Ta. bic erent. ote « epee e:00' UU 

ATMS Yin dd slaatek «gar a OU 

Magnesia .......+eee+++ 14°00 

EI PC eat ate bas htpiae | aoe 

Oxide‘of iron .. 0.0. .2. » 6:00 

Oxide-of manganese .... 3°00 

Water wee ves shee §, seh ceetuiak ait 

LIGSE ys des aisle bene vie? pace 


o— 


100°00* 
Sp. 4. Axinite.+ 
Yanolite of Lametherie—Axinite of Hatuy— 
Thummerstone of the Germans. 


This stone was first described by Mr. Schreber, who found 
it near Balme d’ Auris in Dauphiné, and gave it the name of 
shorl violé.{ It was afterwards found near Thum in Saxony, 
in consequence of which Werner called it thummerstone. 

It is sometimes massive; but more commonly crystallized. 
The primitive form of its crystals is a rectangular prism, 
whose bases are parallelograms with angles of 101° 32’ and 
78° 28’. The most usual variety is a flat rhomboidal paral- 
lelopiped, with two of its opposite edges wanting, and a small 
face in place of each. ||. The faces of the parallelopiped are 
generally streaked longitudinally. | 

Common colour clove brown; it passes on the one hand to 


plum-blue, on the other to pearl and ash-grey, and greyish- © 


black. External lustre splendent; internal shining, vitreous. 


Fracture fine-grained uneven. Fragments sharp-edged. Mas- 


sive varieties occur in curved lamellar distinct concretions. 


* Chem. Untersuchungen, i. 200. ; 

+ Kirwan, 1.273. Pelletier, Jour. de Phys. xxyi. 66, Brocant, i. 236. 
Haiiy, 111. 22. Hoffmann, i. 678. 

t+ Romé de Lisle, ii. 3538. § Haiiy, Jour. de Min. No. xxviii. 264. 

§ Romé de Lisie, ii. 353, 
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From transparent to translucent. Hard; yields to the file. chap. 
Very easily frangible. Specific gravity from 3:213 to 3:300;% “~— 
Before the blow-pipe it froths like zeolite, and melts into a 
hard black enamel. With borax it exhibits the same pheno-. 
mena, or even when the stone is simply heated at the end of 
a@ pincer.+ ! 

The following table exhibits the analyses hitherto made to 
determine the composition of this mineral : 


ee 8 | 
Billing wien okies os RBOe elladdacwlcll sores 
MaMa arses ante BOSE). dabei Be 
Mae? i arcade ode Grd cltlenieOu: Sieg 17" 


Oxide of iron ...... oo 5 DMG rats tha Beats i | teers 
Oxide of manganese 2. — 2s... 4 0... 95°95 
Soda eeeevoeevoeopevs,oeonevsen =. aie Cut eee 6 0°25 


DR a Rr i ccc iake sy OU Tioct i RUB le cy! Pings 


we =e 


: 100°0 100 100-00 
This mineral, it would appear from Vogel’s experiments, 
contains boracic acid as a constituent.** 


VI. GARNET FAMILY. 


This family contains the following 15 species; leucite, py- 
renite, vesuvian, gahnite, grossularia, melanite, allochroite, colo~ 
phonite, helvine, garnet, aplome, grenatite, pyrope, cudyalite, and 
cinnamon stone. 


Sp.1. Leucite.++ 


Vesuvian of Kirwan—White Garnet of Vesuvius— 
Amphigene of Hauy. 


__ This stone is usually found in voleanic productions, and is 
very abundant in the neighbourhood of Vesuvius. | It.is al- 
ways crystallized. ‘Lhe primitive form of its crystals is either 
a cube or a rhomboidal dodecahedron, and its integrant mole- 
cules are tetrahedrons; but the varieties hitherto observed are 
all polyhedrons. The most common has a spheroidal figure, 


*-Batiy. ft Vauquelin, Jour, de Min. No. xxiii. 1. 

} Klaproth, Beitrage, ii. 126. 

§ Vauquelin, Jour. de Min. No. xxiii. 4. 

|| Klaproth, Beitrage, v. 28. 

** Schweigger’s Journal, xxii. 182. ‘ 

tt Kirwan, i. 235. Brochant, i. 188.  Haiiy, ii.. 559. © Hoffmann, 
1. 482. 
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Book HI. and is bounded by 24 equal and similar trapezoids, * some- 


times the faces are 12, 18, 36, 54, and triangular, pentagonal, 
&c. For a description and figure of several of these, I refer 
the reader to Mr. Hatiy.+ The crystals vary from the size 
of a pin-head to that of an inch. 

Colour yellowish and greyish-white; very seldom reddish- 
white. Internal lustre shining, vitreous. Fracture imperfect 
flat conchoidal, sometimes inclines to foliated. Fragments 
sharp-edged. ‘Translucent. Scratches glass with difficulty. 
Brittle. Rather easily frangible. Specific gravity from 2°455 
to 2°490.t Its powder causes syrup of violets to assume a 
green colour. § Infusible by the blow-pipe. Gives a white 
transparent glass with borax. 

The constituents of this species are as follows: 

boon 
Sihtay es hs Oke WEA SG 
Alumina ..... 24 .... 20 
Potash cise 9.< DA oko 
SSeS es Sed rm a ee i 
TOSS inten fp ay cree ne 


ae ce ——— es 


100 100 . 
It is obvious that leucite is acompound of 1 atom of bisili- 
cate of potash, and 3 atoms of bisilicate of alumina. Its 


symbol is PS? + 3 AS’. 
Sp. 2. Pyreneite.++ 

This mineral is found embedded in primitive lime-stone in 
the Pic Enes-Lids, near Bareges in France. It was separated 
from garnet, and made a peculiar species by Werner. 

Its colour is greyish-black. It occurs massive and crystal- 
lized in rhomboidal dodecahedrons. Externally the crystals 
are glistening, inclining to shining; internally glistening, and 
the lustre is vitreous. Fracture small-grained uneven. Frag- 
ments indeterminate angular, and pretty sharp-edged. Opaque. 
Hard. Specific gravity 2500. The constituents of this 
mineral are as follows: 


* This crystal is usually distinguished among mineralogists by the name 
of deucite crystal. 

+ Jour. de Min. No. xxvii. 185. 

+ Klaproth, Beitrage, ii.41 and 55. 
— § Vauquelin, Jour. de Min. No. xxxix. 165, 

|| Klaproth, Beitrage, i1. 50. ** Vauquelin. ~ 

++ Hoffmann, ii. 1. 371. 
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100* 
Sp. 3. Vesuvian.+ 
Hyacinthine of Delamatherie—Idocrase of Haiiy. 
This mineral is found among the exuvize of Mount Vesu- 
vius, ina rock composed of mica, hornblende, garnets and cal- 
careous spar. It was formerly confounded with the hyacinth. 
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Colour olive-green, sometimes passing into blackish-green, | 


sometimes into liver-brown. 


Its primitive form is a four-sided rectangular prism, little dif- 
ferent from a cube, divisible in the direction of the diagonals 
of the base. 
teral planes of the crystals slightly ae Crystals short, 
and usually small. External lustre shining; internal glisten- 


oO? 
ing between vitreous and resinous. Fracture small grained, 


Massive, and often crystallized: 
in four-sided rectangular prisms, having the edges truncated 


Integrant molecule, a triangular prism.{ La- | 


uneven. Has a tendency to small grained distinct concretions. 
Translucent. Scratches glass. Specific gravity from 3°365 | 
to 3°390.§. . With Gore it melts into a yellowish glass, 


which appears red while hot. || 
The constituents of this mineral are as follows: 
ee” 


vt it 

PMOBLLICA eH ds cater b ei GSialimns,. 42 A} 
Aluminays (oe sic. Wal SIS Ve GIS ne gt BO 
MME rie Gee ise wie Wer BS" OOK: Pau 4 soa? 
Magnesia ......... LRT AR eat Mee id eas. GB 
Oxide of iron...... PERSO: rv GIS we kG 
Oxide of manganese .. 0°25 .... Bore ane 
Potash os oery be Ba og et ee eds Ah lo} 
Poder uae dale ts owe 280 Boon. 20S 
100°00 100°00 100 


* Vauquelin, Jour. de Min. No. xliv.571. The analysis i is considered as 
of a common garnet, and quoted as such by Haiiy, ii. 542. 
f¢ Brochant, i. 184. Haiiy, ii. 574. Hoffman, i. 472. 


} Haiiy, 11. 574. 


§ Klaproth. 


|| Vauquelin. 


** Klaproth, Beitrage, ii. 32. 
Siberia. 


The second specimen analyzed was from 


Its specific gravity was 3°365. 


tt Borkowski, Annals of Philosophy, xv. 146. The specimen Pistviid 


belonged to the variety called Egeran. by Werner. 


Specific gravity 3°294. 


980 


Book Fil. 


SIMPLE MINERALS. 


Sp. 4. Gahmnite.* . 
This mineral is found in a lime quarry at Gokum, a Swe 


ee dish mile south-west from the celebrated Dannemora mines 


«1 Sweden. The lime is employed in the Osterby iron works. 
The lime is considered as primitive, and contains, besides 
tremolite and garnet, the mineral in question, in kidney-shaped 
masses. It was described and analyzed by Mr. C. A. Murray 
in 1807, under the name of a green mineral from the lime 
quarry of Gokum.+ The nature of the constituents which 
were thus found, together with some other considerations, in- 
duced Swedish mineralogists in general to consider it as a -va- 
riety of vesuvian. In the year 1810, Mr. Swedenstierna 
gave a specimen of it to the Chevalier Lobo da Silviera, at 
that time Portuguese Ambassador at Stockholm, pointing out 
the difference between it and vesuvian, and requesting Lobo 
to subject it to a chemical analysis. Lobo published a new 
description and analysis of it in the third volume of the 
Afhandlingar (p. 276). He gave it the name of Gahnite. 
But’ Berzelius, who had assigned that name to the automolite 


of Ekeberg, thought proper to distinguish this new mineral 


by the name of Loboite.% I shall however employ here 
the original appellation cf Lobo, as the term automolite 
seems pretty generally adopted by mineralogists for the Fah- 
tun mineral. | 

The colour of gahnite is dark olive-green with a slight shade 
of brown. ‘The specimens which I have seen were all amor- 
phous; but Murray describes it as occurring in long confused 
prisms without any regular termination. ‘These prisms are 


channelled longitudinally. Their fracture in the direction of 


the prism is foliated, and has a resinous lustre; the cross frac- 
ture is splintery, and has less lustre. 

According to Lobo the cross ‘fracture of gahnite is small 
granular uneven, sometimes passing into the small conchoidal; 
the longitudinal fracture is foliated. The external lustre is 


- splendent; the’mternal shining, and the lustre is intermediate 


between vitreous and resinous. Fragments indeterminate, not 
particularly sharp angular. Translucent when in thin frag- 
ments. Easily frangible and brittle. Specific gravity, ac- 
cording to Murray, 3°393, according to Lobo 3°54321. Be- 
fore the blow-pipe on platinum it melts into a yellowish- brown 
porous glass. On charcoal it fuses into an opaque -bottle- 


* Afhandlingar, it. 178; i. 276. + Ibid. 11..178. 
} Ibid. iv. 147. 
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green glass; with borax into a light sea-green transparent Chap. I. 
glass. Its constituents were found as follows: | 
| hl + 
Sit ceavihe debbie 4: 9 Saw OS'S add: OG 
Ley Ae eth sles Wh. SES 
Pelipaiiade les ccisle wd des BBE cle PEG 
DPD OCEEA ih, 5, 0) oicseit nies) 2 1k) pag ae ae 
Jxide of: Anon). 0). aie GTB i g's 0 BO 
Oxide of manganese ... 0°31 .... — 
Volatile:matter........ 0°25 .... 0°36 
WP AOGe apis vein 4 sare megeate oy ERA pim iain NO ae 


100°00 100:00 
Sp. 5. Grossularia. { 

This mineral occurs in a pale greenish claystone near the 
river Wilni in Siberia, and has been separated from the gar- 
net, chiefly on account of its chemical composition. 

{t is always crystallized either in the garnet dodecahedron 
or the common figure of the leucite. Its colour is asparagus- 
green approaching to mountain-green. The faces of the 
crystals are smooth, which characterises the species. Lustre 
shining, resinous. Fracture small conchoidal. Strongly 
translucent. Hard. Rather easily frangible. Specific gra- 
vity 3'372.§ Its composition is as follows: 

SUULTCE. os a oe nee wine's 0 4AN0 
LET RNG RE ERROR SPS Fe 
APUIUND.. ahs wa vlan «shal ipo 
Oxide of iron ...... 12°0 
Oxide of manganese.. ‘Trace 
ROSS: Folate <ecelostbetaeteiaec , vo 


100-0 || 
Sp. 6. Melanite.** 


Black Garnet. 

This mineral, which has hitherto been found chiefly at 
Frescati and St. Albano, near Rome, in the Pyrenees, and at 
Torneo in Lapland, was long confounded with garnet. It 
was first accurately distinguished by Werner. 

Its colour is velvet-black, sometimes inclining to greyish- 


~*Morray. + Lobo. { Hoffmann, 1, 479. 
§ Klaproth. || Klaproth, Beitrage, iv.. 319. 
** ‘Brochant, i. 191. Hoffmann, i. 488. 
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pookim. black. It is usually in complete crystals. They consist 
““——' of rhomboidal dodecahedrons. Surface smooth. Lustre 


shining. . Fracture imperfect flat conchoidal. Fragments 
sharp-edged. Opaque. Hard. Easily frangible. Specific 
gravity 3°730.*. Its constituents are as follows : 


co) 
ij + § 
Silica oo. 242460 2 oe 5 2 BB eevee 35°5 ee8ee 34 


Dimers. s Sass ees AS ce) lalinlriret trae) a afm as hes 
Alaminia’s; sty cdi) 6 i OES IG Od a ae 
Oxide of iron....... ry Shas aly Rare ela nese 
Oxide of manganese.. Trace .... 0°40 ..... — 
PCOSS esis 6 wee a me BAD ise cmig VRE til ie a 
100°0 100°00 100°0 


Sp. 7. Allochroite.|| 


This mineral has been hitherto found only in Virum’s iron 
mine at Drammen in Norway. It was first described and 
named by D’Andrada. 

Colours greenish and yellowish-grey. Massive. Internal 
lustre glistening and resinous, internal glimmering. Fracture 
sometimes small-grained uneven, sometimes even, passing into 
flat conchoidal. Fragments rather blunt-edged. Translucent 
on the edges. Gives sparks with steel, but does not scratch 
quartz. Mather easily frangible. Specific gravity 3-575. In- 
fusible before the blow-pipe per se, or with borax; with phos- 
phate of soda melts into an enamel, at first reddish-yellow, 
then becoming greenish, and at last black. Its constituents 
are as follows : 


KH +t 
Silica Jee. owes Het noD. WN. 87 
ime Or ae evi aa Nips titi tererererer 8) 
Alumina Sts 5c ‘ 8 5 
Oxide of iron... vse bel 8 . 18°5 


Carbonate of lime 24.246 .....20-> 
Oxide of manganese 4.55) 3°5 4.46 6°25 
Loss ®eeeeeen ecovoe0vefre0e eo ae ee 8 3°25 


eae Se 


100°0 100°00 


* Klaproth, Gehlen’s Jour. Second Series, v. 203. 

+ Vauquelin, Haiiy, ii. 543. + Klaproth, Beitrage, v. 168. 
§ Hissinger, Afhandlingar, ii. 153. The specimen was from Torneo. 

|| Hoffmann, i. 512. ** Vauquelin, 

tt Rose, Karsten’s Mineral. Tabellen, p. 33. 
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This mineral has been hitherto observed only in the neigh- chap. 1. 
bourhood of Arendal, in a bed of magnetic iron stone. It has yee ape 


a great many points of resemblance to the common garnet. 
Its usual colour is yellowish brown, sometimes reddish 
brown, and sometimes honey-yellow. It is commonly amor- 
phous, but sometimes crystallized in four-sided prisms, similar-to 
the shape of vesuvian, but the sides of the crystal are smooth. 
The lustre is sometimes shining when the fracture is foliated, 
sometimes glistening when the fracture is small-grained un- 
even, The amorphous masses consist of angular, distinct 
concretions, of various sizes, which are easily separated from 
each other. It is translucent, and sometimes nearly transpa- 
rent. Hard. Very easily frangible. Specific gravity 2°525.+ 
Before the blow-pipe it fuses very easily into a black coloured 
bead. With borax it melts into a yellowish glass. Its con- 
stituents, according to the analysis of Simon, are as follows: 


rT GGL ied ean As sean lal Satin se ce cade ae 

URCTAMIREL eh esa dene kW: é ely LOT O 
Magnesia ,...csseerseeeee 65 
PING ee as OE AINE a ae 

CFRIME OV ATOM & ois.e'e wis ic te Oa5 
Oxide of manganese ....... 4°75 
Oxide of titanium ......... 0°5 
WOR et Lees Uh eats kU 


Sp. 9. Helvine.t 


This mineral was first noticed by Professor Mohs, and con- 
sidered by him as an undescribed mineral connected with 
common garnet. Werner afterwards described it, gave it the 
name of helyine (from *Ass) on account of its colour; and a 
description of it was soon after published by Freiesleben.§ 


It occurs in the mine called Brother’s Lorenz in the vicinity 


of Schwartzenberg, in the Saxon Erzgebirg. 
Its colour is wax or oil yellow. It occurs in crystals, the 


* Hoffmann, ii. 373. Simon, Gehlen’s Jour. iv. 405, Second Series. 

+ Simon. 

+ Hoffmann, iv. 2.112. Heuland, Annals of Philosophy, xii. 453. 
Geogn. Arbeiten, v. 126. 


28+ 


SIMPLE MINERALS. 


Book tit. figure of which is the tetrahedron, usually with truncated 
Sen edges. Often no crystalline form can be distinguished. 


Crystals. 


The fracture is fine-grained, uneven. ‘The crystallized — 


specimens exhibit a distinct foliated fracture. This at least is 
the case in a specimen for which I am indebted to the kind 
liberality of Henry Heuland, Esq. of London. The lustre is 
shining and sometimes splendent. Opaque; rather softer 
than quartz; brittle. Specific gravity from 3°2 to 3°3.* It 
becomes electric by friction, and seems to acquire both kinds 
of electricity. When heated before the blow-pipe the edges 
of the specimen melt with great difficulty, but the whole 
cannot be brought into a state of fusion. We are not yet in 
possession of a chemical analysis of this mineral. 


Sp. 10. Garnet. 


This mineral occurs abundantly in primitive mountains. It 
is usually crystallized. The primitive form of its crystals isa 
dodecahedron, whose sides are rhombs, with angles of 
78° 31’ 44°, and 120° 28’ 16”. The inclination of the 
rhombs to each other is 120°. This dodecahedron may be 
considered as a four-sided prism, terminated by four-sided 
pyramids.{ It is divisible into four parallelopipeds, whose 
sides are rhombs; and each of these may be divided into four 
tetrahedrons, whose sides are isosceles triangles, equal and 
similar to either of the halves into which the rhomboidal faces 
of the dodecahedron are divided by their shorter diagonal. 
The integrant molecules of garnet are similar tetrahedrons.§ 
Sometimes the edges of the dodecahedrons are wanting, and 
small faces in their place ; and sometimes garnet is crystallized 
in polyhedrons, having 24 trapezoidal faces. For a descrip- 
tion and figure of these, and other varieties of garnet, the 
reader is referred to Romé de Lisle and Haiy.|| 


Werner divides this species into two subspecies; namely, 


the precious and common garnet. ‘They are distinguished from 
each other by colour, lustre, fracture, distinct concretions, 
transparency, and specific gravity. 


* Breithaupt, Hoffmann, iv. 2. 113. 

“+ Kirwan, i. 258. Gerhard, Disquisitio Physico-chymica Granatorumys 
&c. Pasumot, Jour. de Phys. iii. 442. Wiegleb, Ann. de Chim. i. 231. 
Brochant, 1.195. Haiiy, ii. 340. Hoffmann, i. 491. 

t Romé de Lisle, ii. 3223; and Haiiy, Ann. de Chim. xvii. 305. 
§ Hay, ibid. 306. , 
\| Hatiy, Ann. de Chim. xvii. 306. 
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This is. supposed by some to be the carbuncle of the ancients, Chap. m 


It is employed in jewellery. 

Colour dark red. Hence the name of the faiaetal, from its 
supposed resemblanceto the flower of the pomegranate. Passes 
from columbine-red to cherry and brown-red. Commonly 
| crystallized, and the crystals are always complete: sometimes 
in round grains. External lustre glistening; internal shining, 
vitreous. Fracture perfect Canehnidal sometimes inclining 
to coarse-grained uneven. Fragments sharp-edged. Some- 
times in fohallne distinct concretions. Transparent; some- 
times only translucent. Scratches quartz. Brittle. Not 
particularly easily frangible. Specific gravity from 4°085 * to. 

e352. | | 
Bs : Subsp. 2. Common Garnet. 

Colour, various shades of brown and green; namely, liver, 
yellowish and reddish-brown ; olive, pistachio, blackish, and 
leek-green; Isabella-yellow; blood-red; greenish-black. Dif- 
ferent colours often appear in the same mass. Massive, but 
never in grains or angular pieces; sometimes crystallized. 
Surface of the crystals diagonally streaked. External lustre 
shining; internal glistening, between resinous and vitreous. 
Fracture fine-grained uneven. Fragments not sharp-edged. 
In small-grained distinct concretions. Translucent; black 
varieties nearly opaque. Rather easily frangible. Specific 
gravity from 3°664+ to 3°757.[ Melts before the blow-pipe 
more easily than the first subspecies. 

The constituents of this mineral are as follows: 

Precious, Common, 

§ hil 
ety ee eg Oe ol SO be BOGE 
PO eee cs Lane he SEED ay) BOs LOO 
MUA, laa thalec> aks wel’ tub coon ee ae ete 
Oxide of iron ........ 36°00 .. 41 .. 39°68 
Oxide of manganese ..° 0°25 .. —.. 1°80 
BEES ClO ec cc esa oe fc rer eee mene eae 
Me cc scene aoe ONT 


omer emer ree oe 


100 102 100°80 


* Klaproth. + Karsten. \ + Werner. 

§ Klaproth, Beitrage, ii. 26. i} Vauquelin, Haiiy, ti. 542. 

** Hisinger, Af handlingar, i iv. 885. The specimen was a Fahlun garnet, 
of the specific gravity 4-2, 
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Sp.11. Aplome. 


This mineral is found in Siberia, on the banks of the river 
Lena. I have seen specimens also from New Holland, which 
bore a considerable resemblance to it. As it differs from gar- 
net both in the primitive figure of its crystals, and in its spe- 
cific gravity, I do not see how we can refuse it a particular 
place in the mineral system. 

Its colour is similar to that of the violet varieties of axinite, 
and its lustre nearly the same. It is crystallized in rhom- 
boidal dodecahedrons, having strize parallel to the small dia- 
gonals of the rhombs, which indicates a cube for its primitive 
form. It is hard enough to strike fire with steel, and to scratch 
quartz. Fracture sometimes small conchoidal. Most com- 
monly opaque; sometimes translucent and having an orange- 
colour. Specific gravity 3°4444. Its constituents, according 
to the analysis of Laugier are as follows: 


Sificar ees, Cara aD ee aL re 0) 
ANGE Oe POE Res ae RNS no 20 
Tame Yeas Nes SLATS BO 2. 145 
Oxide ofiron? OI ae 14 
Oxide of manganese .......+..+e00- 2 
Mixture of silica and iron .........- g 
Loss by Caloutation:./ fer Cas eae 2 
Loses 00% PTR TT ROE, Pe oro 5°5 
100* 


Sp. 12. Granatite.t 


Staurotide of Haiiy—Pierre de Croix of de Lisle— 
Staurolithe of Lametherie, and Werner. 


Granatite is found in Galicia in Spain, Britanny in France, 
and at St. Gothard. It is always crystallized in a very pecu- 
liar form; two six-sided prisms intersect each other, either at 
right-angles or obliquely. Hence the name cross-stone, by 
which it was known in France and Spain.t Mr. Haiy has 
proved, in a very ingenious manner, that the primitive form 
of the granatite is a rectangular prism, whose bases are rhombs, 
with angles of 1294° and 504°; and that the height of the 
prism is to the greater diagonal of the rhomb as one to six; 


* Ann. de Chim. lxxii. 110. 
+ Brochant, ii. 496. Haiiy, ii, 95. Hoffmann, i. 519. 
t Romé de Lisle, 1i. 435. 
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and that its integrant molecules are triangular prisms, similar chap. 0. 
to what would be obtained by cutting the primitive crystal in 
two, by a plane passing vertically through the shorter diago- 
nal of the rhomboidal base. From this structure he has de- 
monstrated the law of the formation of the cruciform varieties.* 

Colour dark reddish-brown. Surface sometimes smooth, 
sometimes uneven. . Internal lustre glistening; between vitre- 
ous and resinous. Fracture between small-grained uneven, 
and imperfect conchoidal. Often opaque; sometimes trans- . 
lucent. Scratches quartz feebly. Brittle. Easily frangible. 
Specific gravity 3°287. Infusible before the blow-pipe. Its 
constituents are as follows: 


+ elotobscge nab 

Bea i yeasts 's Bale chats 33 Mane O19 lc Sah teria i hid oa ry 
RIATIAITIQUS Gon: ) veiw hele 3 AA ic: ir ia 8 Warned? "9 ths 0 Weneaee 107 655 
MIU alts oe ae lales do's fase hr ate [2 Soemevcare Oot 2 5 en ean Rae eRe 
IPAS CSA 6K 6's, <2 0,0» ee aS i ieee Ne ak) hes ta eee 
{oxide Gheirone... ........ 13 ved Leo) NIB OR. 18°50 
Oxide of manganese .. 1 wha: (PNUD a a at ()962 5 
1S CS Shy SO TAP GU Ce Ra ds 
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100°00 = 100°0 100':00 100°09 


Sp.13. Pyrope.§ 


This mineral, which is found in Bohemia, and was formerly 
distinguished by the name of Bohemian garnet, has been se- 
parated from the garnet by Werner, and made a distinct spe- 
cies. It is never found crystallized, but only in round or an- 
gular fragments, usually small. 

Colour dark blood-red, which, when held between the eye 
and the light, inclines strongly to yellow. Lastre splendent, 
vitreous. Fracture perfect conchoidal. Fragments sharp- 

edged. ‘Transparent. Scratches quartz. Specific gravity 
8718. 
‘Its constituents are as follows: 


* Ann, de Chim. vi. 142. 
+ Vauquelin, Ann. de Chim. xxx. 106. 
} Klaproth, Beitrage, v. 80. 
§ Hoffmann, 1, 521. 
_ || Klaproth. 
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PSG CEU a 3°5 
Magnesia ...... oo ee LS Ne 
Oxide oF iron’! EFS, - 16°5 
Oxide of manganese...... 0°25 
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100:00* 


Professor Pfaff has given us an analysis and short descrip- — 
tion of a mineral from Greenland, distinguished by the name 
of scaly pyrope (schaaliger pyrop). Its colour is a lighter red, 
and its lustre is not adamantine, but common. It is composed 
of scaly distinct concretions. Its specific gravity is 3-634. Its 
constituents are as follows: f | 


Siliea te. LE RBA hey ABS 
‘Oxide. oF ron’ oct cue as BLES 
PA Linriy i rieed Ei oeine, 6c a Meche ipo la 
Magnesia . ww oo so oie ott GArO 
Oxide of manganese ..... 3°12 
SEVTTITG RCN NON. slate ts ory tala cde 0°80 


100°88+ 


We see that these minerals agree in the nature of their con- 
stituents though they differ materially in the proportions. 


Sp. 14. Eudyalite.t 


This mineral was detected by Gieseke in Greenland, at 
Kangerluarzuk, in the same bed from which the sodalite was 
procured. It has many properties in common with the gar- 
nets, and in particular has a strong resemblance to the scaly 
pyrope of Greenland. Like the garnet it crystallizes in rhom- 
boidal dodecahedrons. Its colour is similar to that of scaly 
pyrope. But it gelatinizes in acids with as great facility as — 
the mesotype or apophyllite, and small fractures appear in 
it when held in the flame ofa spirit lamp. Its specific gravity 
is 2°90355. Stromeyer has given it the name of eudyalite 
from the ease with which it dissolves in acids. Its constitu- 
ents are as follows: oi 


* Klaproth, Beitrage, ii. 21. 
-+ Schweigger’s Jour. xxi. 236. 
} Stromeyer,*Gilbert’s Annalen, Ixii. $79. 
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Silica 6... seceeeeeees 524783 
Zirconia ....ee.+-++- 10°8968 
PANG Soe eve cet he MOLTOT 
Soda Chee: Stee eet LEE eS 
Oxide of iron ........ 6°8563 
Oxide of manganese .,  2°5747 
Muriatic acid ......... 1°0343 . 
Water, or volatile matter 1°8010 


99-7069 


This mineral is remarkable as constituting the second species: 
in which zirconia has been found. 


Sp. 15. Cinnamon Stone.* 


This mineral, which is found in the sand of the rivers in® 


Ceylon, was first distinguished as a particular species by 
Werner. It received its name from the Dutch. 


Colour hyacinth-red, passing on the one hand into blood-- 


red, on the other into orange-yellow. Always in roundish 
pieces. ¢xternal lustre glistening, internal splendent and 


vitreous. Fracture imperfect flat conchoidal. Fragments 


angular and very sharp-edged. ‘Transparent and semitrans- 


parent. ‘Scratches quartz with difficulty. Brittle. Rather 


_ difficultly frangible. Specific gravity 3-530+ to 3°640f. 
Melts before the blow-pipe into a brownish-black enamel. 
Its constituents are as follows: 


Silica ..... ea bareae Epes yf 6880 
Alomina yi. eae hive 80 
ie a re Ey, Rt $1:25 
CUE OE IPOs) ek en aks 6°50 
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The essential ingredients of the minerals of this family ap- 
pear to be silica, alumina, lime, magnesia, oxide of iron, and 
potash. Four of them seem to contain only three ingredients, 
the other eight contain four. I think it probable that the 
nature of each species may be represented by the following 
symbols. The letters used in these symbols are the initials of 
the Latin names of ‘the ingredients, the figures denote the 


* Hoffmann, i, 417, + Klaproth. 
1 Mohs. § Klaproth, Beitrage, v. 138. 
VOL. III. U 
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Book. number of atoms present. ‘Those figures which occupy the 

“place of coefficients indicate the atoms of the compound, those _ 
which occupy the place of indices indicate the atoms of the 
ingredient to which they are attached. 


Leucitésie?....5:P- 8 £93 BS 
Pyrenitéiay.. 3. OO AS’ 
Garnet.......55. AS+f8 

Granatite......5. 2AS + fA 


Gahnite vse... AS + CS+1if 
Cinnamon stone... AS + CS + if 
Vesuvian.......,. AS + CS4+4/ 
Aplome ‘ida Mio. AS+CS+/ 
Grossularia...... AS? +/fS°+2CS8 
Melanite .....:.. AS +2f8S+4+3CS8 


Allochroite...... AS+2fS+3CS 


I think it probable that gahnite, cinnamon stone,.and ve= 
suvian are only varieties of the same species, and that alloch- 
roite is nothing more than a variety of melanite. It is diffi- 
cult to form a correct notion of the constitution of eudyalite. 
Tt must be acknowledged that the symbols given above do not 
exactly accord with the analyses. It would be too much to 
expect the analyses hitherto made, considering the manifold 
defects under which they labour, to accord exactly with the 
atomic theory. A new set of analyses would be necessary, 
performed upon the best selected specimens and with the most 
scrupulous attention to precision. 


’ VII. QUARTZ FAMILY. 


This family contains thirteen species, several of which, on 
| account of the numerous varieties which they present, are 
Be ic farther subdivided into subspecies. The names of the species are 
| — quartz, iron flint, horn stone, flinty slate, flint, chalcedony, he- 
hiotrope, siliceous stalactite, hyalite, opal, allophanite, menilite, 
jasper. Many of them are of importance; yet as they never 
éccur crystallized, the method of discriminating minerals 


adopted by Haiiy fails when applied to them. 


Sp. 1. Quartz.* 


This is one of the most abundant of all the mineral species, 
occurring in great quantities in almost every situation. It 


* Kirwan, i. 241, Haiiy, ii. 406, Brochant, i. 239. Hoffmann, ii. 1, 1. 
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occurs massive, in rolled pieces, and crystallized. The primi- Chap. th 


tive form of its crystals, according to Mr. Haiiy, is arhomboidal 
parallelopiped; the angles of whose rhombs are 94° 94’ and 
85° 36’; so that it does not differ much from a cube.* The 
most common variety is a dodecahedron, composed of two six- 
sided pyramids, applied base to base, whose sides are isosceles 
triangles, having the angle at the vertex 40°, and each of the 
angles at the base 70°: the inclination of a side of one pyra- 
mid to the contiguous side of the other pyramid is 104°. 
There is often a six-sided prism interposed between the two 
pyramids, the sides of which always correspond with those of 
the pyramids.f For a description and figure of the other va- 
rieties of quartz crystals, and for a demonstration of the law 
which they have followed in crystallizing, we refer the reader 
to Romé de Lislet and Mr. Haiiy.§ 

Fracture conchoidal or splintery. Its lustre varies from 
shining to glimmering, and its transparency from transparent 
to translucent on the edges; and in some cases it is opaque. 
It causes a double refraction. Hard. Specific gravity from 
2°64 to 2°67, and in one variety 2-691. To facilitate the de- 
scription of this complicated species, Werner has subdivided it 
into six subspecies; a subdivision attended with several ad- 
vantages, 


Subsp. 1. Amethyst. 


It occurs massive and in rolled pieces, but most frequently 
crystallized. The crystals are six-sided pyramids, always in 
druses. Colour violet blue; passing on the one hand to plum 
blue, clove brown, brownish black; on the other, to pearl 
and ash grey, greyish white, greenish white, olive green, and, 
in some rare cases, pistachio green. In the massive varieties 
several colours appear together in stripes. Lustre splendent ; 
vitreous, Fracture perfect conchoidal ; sometimes passes into 
‘Imperfect conchoidal, uneven, and coarse splintery. Frag- 
ments sharp-edged. The massive varieties composed of thick 
prismatic distinct concretions, often shooting into crystals at 
their extremities. Transparency from transparent to trans- 


__ * Haiiy. Mr, Phillips found them 94° 24’ and 85° 36! ; Annals of Phi- 
losophy, vii. 136. | 

+ Chrystallog. ii. 74. tT Ibid. 

_ § Mem. Par. 1786, p. 78; and Mineralogie, ii. 407. See also Lame- 

_therie, Jour. de Phys. xlii, 470. ae 
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Bookmt lucent. Brittle. Easily frangible. Specific gravity 2°750. 
Found in veins and in the hollow cavities of agates. 
Werner distinguishes the common amethyst, above de- 
scribed, from a variety which, from its fracture, he calls thick 
fibrous amethyst. This last occurs only massive and in rolled 
pieces. Internal lustre shining, vitreous. Principal fracture 
thick fibrous; cross fracture imperfect conchoidal. Usually 
translucent. 


Subsp. 2. Rock Crystal. 


It occurs in rolled pieces, and very often crystallized in all 
the variety of form belonging to the species in general. Most 
common colours white and brown. From snow white passes. 
into greyish, yellowish, and reddish white; from greyish white 
to pearl grey; from yellowish white to ochre yellow, wine 

_ yellow, yellowish brown, clove brown, brownish black; from 
yellowish brown to orange yellow and hyacinth red. 

External lustre of the crystals splendent, of the rolled pieces 
glistening; internal lustre splendent, vitreous. Fracture per- 
fect conchoidal, sometimes flat conchoidal; and in some va- | 
rieties a concealed foliated fracture may be recognized. Frag- 
ments very sharp-edged. Occurs very rarely’in granular and 
prismatic distinct concretions. Transparent. Easily fran- 
gible. Specific gravity 265%." 


Subsp. 3. Milk Quartz. — 


Occurs only massive. Colour sometimes milk white; more 
commonly rose red. The rose red sometimes passes into 
crimson red, reddish white, pearl grey, and milk white. In- 
ternal lustre splendent, vitreous, inclining to resinous. Frac- 
ture perfect conchoidal. Fragments sharp-edged. Sometimes 
appears composed of thick lamellar distinct concretions. Semi- 
transparent. Constitutes beds in primitive mountains. Spe- 
cific gravity 2°670. 


Subsp. 4. Common Quartz. 


Occurs massive, in grains, and rolled pieces; in various | 
particular shapes, and crystallized. Colour various shades of 
white, grey, brown, yellow, green, and red. External lus-’ 
tre of the crystals shining; of the rolled pieces glimmering ; 


* Brisson. 
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internal lustre shining, vitreous. Fracture coarse and fine Chap. rr. 


splintery, and imperfect conchoidal. Some specimens show 
a parallel fibrous fracture. Fragments pretty sharp-edged. 
Sometimes in prismatic, and also in granular distinct concre- 
tions. Translucent. Rather easily frangible. Specific gra- 
vity 2°6404 to 2°6546. 


Subsp. 5. Prase. 


Usually massive; sometimes crystallized. Colour leek green. 
Lustre glistening; between resinous and vitreous. Fracture 
coarse a iatoeat Fragments sharp-edged. When massive it 
is composed of cuneiform, thick, prismatic, distinct concre- 
tions. Surface of the concretions rough and transversely 
streaked. ‘Translucent. Hard. Rather tough. Specific 
gravity 2°677.* 

This subspecies is ninsidered as consisting of an intimate 


‘mixture of quartz and actinolite. 


Subsp. 6. Cat’s eye.t 


This mineral comes from Ceylon, and is seldom seen by 
European mineralogists till it has been polished by the lapi- 
dary. Mr. Klaproth has described a specimen which he re- 


ceived in its natural state from Mr. Greville of London. Its 


figure was nearly square, with sharp edges, a rough sur face, 
ane a good deal of brilliancy. 

Colours yellowish, greenish, and ash grey : Isabella yellow; 
yellowish, reddish, and hair brown; mountain and olive green; 
greyish black. Internal lustre shining, between resinous and. 
vitreous. Fracture small imperfect coaeboldak Fragments 
more or less sharp-edged. ‘Transiucent. Sometimes presents 
the appearance of Herder white fibres almost opaque, which 
gives it the appearance called chatoyant by jewellers. Uard. 
Fasily frangible. Specific gravitv from 2°625 to 2-660. 

These fesiens consist scsehiteally of pure silica, but they 
are usually contaminated with Stale quantities of foreign mat- 
ter to which they owe their distinguishing properties. The 
following table exhibits the result of the analyses of them 
hitherto made. 


* Karsten. 
+ Hoffmann, ii. 1. 185. 
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Fo at Rock , 
Amethyst. | crystal. Quartz. Prase. Cat’s eye. * 
peur) athyabh ok cl fiaeheiagy ibewadliaall 
Ca ets 97°5 | 99°37 | 97°75| 98°5 | 9. 94-5 
Alumina ..... 0°25} °63| -50| °5 | 20 
umes? .ef oo — | — — 1°5 
Oxide ofiron..| 0°5 | Trace} — 1-0 0°25 
Oxide of man- 
ganese 0°25; — — — — 
Water. xs gwded . mete £70040) 5—- 04 nH 
TiO88 Steines Rh beh ea —- "75| — | 1°75 
100°00 |100°00 10000 10000 100-00 100°00 


Sp. 2. Iron-fiint.§ 


This mineral occurs in veins of iron-stone, and is supposed 


to be an intimate mixture of quartz and iron-ochre. 


Commonly massive; sometimes crystallized in small six- 
sided prisms, acuminated at each extremity by three planes. 


Colour yellowish brown; sometimes between blood red and, 


brownish red. External lustre shining; internal glistening ; 
nearly vitreous. Fracture imperfect small conchoidal. Frag- 
ments not very sharp-edged. In small grained distinct con- 
cretions. Opaque. Hard. Rather tough. Specific gravity 


from 2°576 to 2°746. It is infusible before the blow-pipe 
without addition. Its constituents are as follows: . 


| I 
Silies 6. en FSO: ORS 


Alumina ..... Ste sere ae ae 
Oxide of iron ........ ee Oe er ee 
Oxide of manganese.... — .... - 
WV eter. Oem da ie? Me ee 
je Ph ete ey crete, tere os 
100°00 100°00 


* Rose, Karsten’s tabellen, p. 25. 

+ Bucholz, Gehlen’s Journal, Second Series, vi. 147. 
} Klaproth, Beitrage, 1. 94 and 96. 

§ Hoffmann, 11. 1. 60. 


100°00 


|| Bucholz, Gehlen’s Journal, Second Series, vi. 153. The first specimen 


was red, the second yellow, the third brown. 


. 
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This mineral occurs sometimes massive, ohietziiwi in round Chap.11. 


balls. Iracture splintery and conchoidal. Lustre 0. Trans- 
lucent. Hard, but scratched by quartz. Specific gravity 
2°536 to 2°653. Colour usually orey. 

Werner subdivides this species into three subspecies, dis- 
tinguished chiefly by the fracture and texture. 


Subsp. 1. . Splintery Hornstone. 


This mineral is found in veins in limestone, and forms also 
the basis of a rock called hornstone porphyry. 

Colour bluish grey, greenish grey, yellowish grey, smoke 
and pearl grey; flesh red, brownish red; mountain and olive 
green. [Fracture fine splintery. internal lustre 0. Frag- 
ments sharp-edged. Sometimes, though seldom, it occurs in 
distinct concretions, which are eae and concentric. 
Translucent on the edges. Hard. Brittle. Tough. Infu- 
sible without addition before the blow-pipe. 


> 


Subsp. 2, Conchcidal Hornstone. 


This mineral occurs in beds, and also in veins. Colour 
greyish and yellowish white, greenish and pearl grey, flesh 
and cherry red, mountain green. Sometimes spotted and 
striped. Always massive. Internal lustre scar rcely glistening. 
Fracture perfect conchoidal. Fragments pretty sharp-edged. 
Never in distinct concretions. ‘Translucent on the edges. 


Hard. Easily frangible. 
Subsp. 3. lWVoodstone. 


This mineral is found insulated in sandy loam; it appears 
to be weod converted into hornstone by petri nipty Colour 
ash-grey, yellowish-grey, pearl-grey; flesh-red, blood-red, 
brownish-red ; ochre yellow. Usually several colours appear 
together. Shape conformable to its former woody state. Ex- 
ternal surface rough. Internal lustre 0. Cross fracture im- 


perfect conchoidal ; longitudinal splintery and fibrous. Frag- 


ments not sharp- dared. Translucent on the edges. Rather 
softer than sane, hornstone. Easily Scat oitale 


_ * Kirwan’s Min. i. 303. Baumer, Jour de Phys. 11. 154, and Monnet, 
Ibid. 38. Wiegleb, Crell’s Annals, 1788, p: 46 and 135. Jour. de Phys. 
hii. 239. Brochant, 1.25, Hoffman, ii. 1. 64. 
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Book Tif, This mineral seems to be very nearly connected with com- 
3 pact felspar. Indeed all the specimens which I have seen may 
be either referred to quartz or to felspar. 


Sp. 4.  Flinty-slaie.* 


This mineral occurs in beds and amorphous masses, chiefly 
in the transition mountains. Colour various shades of grey. 
Structure slaty. Usually opaque. Sometimes translucent on 
the edges; rather softer than quartz. Hard. Brittle. Spe- 
cific gravity from 2°596 to 2°644. Infusible fer se. ‘This spe- 
cies is divided into two subspecies. : 


Subsp. 1. Common Plinty- Slate. 


, + Colour ash-grey, bluish-grey, pearl-grey, and cherry-red, 
approaching blood-red. Often spotted. Often traversed by 
-veins of quartz. Internal lustre scarcely glimmering. Frac- 
- ture, when considered with respect to a considerable mass, or 
in the great as it is termed, slaty ; in the small, between splin- 
tery and even. , Fragments sharp-edged. Sometimes occurs 
in lamellar distinct concretions. ‘Translucent on the edges. 


Hard. Brittle. Tough. 
Subsp. 2. Lydian Stone. 


Colour greyish black passing into velvet black. Massive, 
and in trapezoidal rolled pieces. Often traversed by quartz 
veins. External surface smooth. Lustre glistening; internal 
lustre glimmering. Fracture even. Fragments sharp-edged: 
sometimes approach the cubical form. Opaque. Hard. Kasily 
frangible. 

This, or a stone similar to it, was used by the ancients as a 
touchstone. ‘They drew the metal to be examined along the 
stone, and judged of its purity by the colour o the metallic 
streak, On this account they called it Bacaves, “ the trier.” 
They called it also Lydian stone; because, as Theophrastus 
informs us, it was found most abundantly in the river Tmolus 
in Lydia. 

Sp. 5. Flint. 
Pyromachus—FPierre @ fusil. 
This mineral, which has become so necessary in modern 


* Kirwan,i.305. Brochant, i. 282. Hoffmann, 11. 1. 75. 

+ Hill’s Theophrastus, ep: A:Gu», p. 190. 

+ Kirwan’s Min. 1. 301. Brochant, i. 263. Haitiy, ii. 427. Hoffmann, 
li. 1.83. Dolomieu, Jour. de Min. No. xxxiii. 693, and Salivet, ibid. 713. 
These last gentlemen give an account of the method of making gun-flints. 


wey . a 
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war, is found in pieces of different sizes, and usually of a figure Chap. 11. 


more or less globular, commonly among chalk, and often ar- 
ranged in some kind of order. 

Colour grey, of various shades; namely, ash, solhoovish and 
smoke-grey ; greyish-black; ochre-yellow; yellowish-brown, 
reddish-brown; sometimes it approaches Bidodtred. Some- 
times striped. Occurs massive, in grains and plates, and in 
various particular shapes. Internal lustre glimmering. Frac- 
ture perfect conchoidal. Fragments very sharp-edged ; some- 
times tabular. Sometimes, though rarely, it occurs in lamel- 
lar distinct concretions. ‘Translucent. Rather harder than 
quartz. Very easily frangible. Specific gravity 2°581 to 
2°630. Infusible before the blow-pipe. 

The manufacture of gun-flints is chiefly confined to England 
and two or three departmente in France. The operation is 
exceedingly simple: a good workman will make 1000 flints in 
a day. The whole art consists in striking the stone repeatedly 
with a kind of mallet, and bringing off at each stroke a splin- 
ter, sharp at one end and thicker at the other. These splin- 
ters are afterwards shaped at pleasure, by laying the line at 
which it is wished they should break, upon a sharp iron in- 
strument, and then giving it repeatedly small blows with a 
mallet. During the whole operation the workman holds the 


stone in his left hand, or merely supports it on his knee.* The: 


constituents of flint are as follows: 


iat t 

Silica site ead eG S DOs MOF 

Alumina: '!s. 280% OSE SES Show A 
Oxide of iron.. 0°25 .... Trace 

Water pe ks 1°50 ee 

Rss 5 ORS .—o— g 

100:00 100 


Sp. 6. Cudcedony.§ 


This mineral is found abundantly in many countries, parti- 
cularly in Iceland and the Faro islands. It is most commonly 
amorphous, stalactical, or in rounded masses; but it occurs 


* Jour. de Min. No. xxxiii. 702. + Klaproth, Beitrage, i. 46. 
J Vauquelin, Jour. de Min. No. xxxiii. 702. 
§ Brochant, i. 268. Kirwan, i. 298. Haiiy, ii. 425. Hoffmann, ii. 1. 108. 
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Book. also in pseudo crystals. Surface rough.’ Fracture even or 
~~ conchoidal. Lustre, external, glimmering; internal, glisten- 


ing. Somewhat transparent. Hardness nearly the same as 
that of quartz. Brittle. Intusible before the blow-pipe with- 
out addition. ‘at : 

It is subdivided into four subspecies ; viz. common calcedony, 
chrysoprase, plasma, and carnelian, distinguished chiefly by the 
colour, fracture, and lustre. 

, Subsp. 1. Common Calcedony. 

Colour grey, of various kinds ; namely, smoke, bluish, pearl, 
greenish, and yellowish-grey: the bluish grey passes into milk 
white and smalt blue: the greenish-grey into a colour between 
grass and apple-green: the yellowish-grey into honey, wax, 
and ochre-yellow; yellowish-brown and blackish-brown: this 
last, when the mineral is held between the eye and the light, 
appears blood red. Internal lustre nearly dull. Fracture 
even, sometimes passing into fine splintery; also into uneven, 
approaching the flat conchoidal. I ragments. sharp-edged. 
Generally in reniform, lamellar, concentric, distinct concre- 
tions. Semitransparent. Rather harder than flint. Brittle. 
Tough. Specific gravity from 2°583 to 2°664. 


Subsp. 2. . Chrysoprase. 


This mineral, which has been hitherto found only near Ko- 
semiitz in Silesia, is always amorphous. Fracture even, some- 
times inclining to the splintery. Scarcely any lustre. Trans- 
lucent. Scarcely so hard as caleedony. Specific gravity 2°608. 
Colour apple green. Rather tough. In a heat of 180° Wedge- 
wood it whitens and becomes opaque. 


Subsp. 3. Plasma. 


Hitherto this mineral has been found only among the ruins 
of Rome. Colour between grass and leek green; often marked 
with yellow dots and white spots. Found in angular frag- 
ments; often encrusted with an earthy matter. Internal lustre 
glistening. Fracture perfect flat conchoidal. I'ragments very 
sharp-edged. ‘Translucent. Hardness equal to that of chal- 
cedony. Brittle. Tough. Specific gravity 2°553. 


Subsp. 4. Carnelian. 


Colour blood-red; passes into flesh-red, reddish-white, 
milk-white, yellow, reddish-brown. External surface rough 
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' ay ° ° i! aff an e Ch ; ie t Q 
and uneven. Lustre/glistening. Fracture perfect conchoidal. Gp. 


Fragments very sharp-edged. Very seldom in distinct con- 
cretions. Semitransparent. Specific gravity 2°594 to 2°630. 
The constituents of these minerals are as follows: 


Calcedony, Chrysoprase, Plasma, Carnelian. 
si "4 i § 

ROPES SOI! LOGIE A, (965 snes eer OO 
Adgming 55). PLE SH BOB ee rR LU OLE 6 B50 
Pome e222. Ab, ESS! BIO U GIBBS FOOLS. Rago ON 
Oxide of iron!) Bee OrOB NL o> OHBOP EO, Ors 
mee HP aipkel Se OOS SOON 2 ae ae 
Arter. OO. sett Se ee ERE, OE NARS SO ol ORION LE 
Moss! 54. eel oaks Mad Tice iees ksi STU RR ee a ga 
100 100-00 100°00 100°00 


Both flint and calcedony consist essentially of silica. Flint 
appears to contain a little water; but it is difficult to under- 
stand what occasions the specific difference between rock crys- 
tal and calcedony. 
| Sp. 7. Heliotrope.|| 

This mineral, which is found in various parts of Asia and 
Europe, nearly in the same situation as calcedony, is supposed 
by some to be an intimate combination of caleedony with 
green earth, 

Colour between grass and leek-green, often stained or striped 
olive, yellow, red. Found massive, and in angular pieces. 
Lustre, internal, glistening, resinous.. Fracture im perfect large 
conchoidal. ‘Translucent on the edges. Rather softer than 
calcedony. Specific gravity from 2-614 to 2-633. Easily fran- 
gible. Infusible before the blow-pipe. . Its constituents are as 
follows : 


a aro a ei et v2) 840 
Abomina. 65). J eee ag 7°5 
Oxide@rofirom ey 5°0 
diese 42... MOURA) hs Soe 3°5 
100°0** 


* Trommsdorf, Crell’s Annalen, 1800, 1.105. The specimen had a blue 
colour, and was from Siberia. 

+ Klaproth, Beitrage, ii. 133. I Ibid. iv. 326. 

§ Bindheim, Schriften der Berliner Gesellschaft, ii. 245. As quoted by 
Karsten in his Tabellen, p. 25. 

| Kirwan, i. 314. Brochant, i. 276. Hoffmann, ii. 1, 105. 

** Trommsdorf, Karsten’s Tabellen, p. 39. 
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Sp. 8. Siliceous stalactite. 


This species includes several siliceous concretions which oc- 
cur in different parts of the world, and has been divided into 
3 subspecies. 


Subsp. 1. Common. 


Colours various shades of grey, as greyish-white, smoke- 
grey, and yellowish-grey, with light-red, and hair-brown spots 
and stripes. Usually stalactitical. External lustre dull, in- 
ternal sometimes dull, sometimes glistening and pearly. Frac- 


ture small conchoidal, coarse grained uneven, or promiscuous ~ 


fibrous. Translucent on the edges. Semi-hard. Brittle. 
Specific gravity 1°807. Tithemo: it has been found only at 
the Geyzer springs in Iceland, where it is deposited from the 
water. 


Subsp. 2. Opaline. 


It occurs at the Geyzer springs along with the first sub-spe- 
cies. Yellowish and milk-white, with brownish, blackish, or 
bluish spots. Fracture imperfect conchoidal. Lustre glisten- 
ing. Fragments angular and sharp-edged. ‘Translucent on 
the edges. Semihard. Brittle. - Kasily frangible. Adheres 
to the tongue. | 


Subsp, 3. Pearlsinter. 


Found on the surface of withered granite, in the Island of 
Ischia, and considered as volcanic. 

Colours milk-white, yellowish-white, greyish-white. Usually 
stalactitical. Lustre sometimes shining, sometimes dull. Frac- 
ture small grained uneven. Fragments angular, but not sharp- 
edged. In concentric lamellar distinct concretions. ‘Translu- 
cent, at least on the edges. Scratches glass, but softer than 
cuartz. Brittle. Easily frangible. Specific gravitv 1:917. 

From a statement published by Dr. Clarke, ot Cambridge, 
it appears that this mineral was discovered by Professor Santi, 


of Pisa, and called by him amiatiti. Dr. William Thomson, 


of Naples, happening to see specimens of it in the possession 


of Santi, and having been informed by him of the place where 
it was found, published an account of it under the name of 
fiorite, and claimed the discovery as his own.” 

The. constituents of these minerals as far as they have been 
examined are as follows: 


* Annals of Philosophy, xii. 463. 


STONES. 
Common. Pearlsinter. 
: 1 
Ca. Pe Sere ee ORO ee COR 
ATI CU ie RB, Ovo 
ive oye sis. CSTs A fed OE BAe a a NALIN 
Oxiieror iron ee Ors ee 


Deen TESTE ENTER 


100°0 100 
Sp. 9. Hyalite.t 


This mineral occurs in wacke in reniform masses. At first 
sight it strikes the eye as not unlike gum. ‘The masses are 
usually very much cracked. Colour yellowish or greyish white., 
Lustre, shining, vitreous. Fracture small flat conchoidal. 
Fragments sharp-edged. ‘Translucent. Softer than quartz. 
Brittle. Very easily frangible. Specific gravity 2°150.§ In- 
fusible at 150° Wedgewood, but yields to soda.§ 


Sp. 10. Opal. || 


This mineral.is found in many parts of Europe, especially 
in Hungary, in the Crapacks near the village of Czennizka. 
When first dug out of the earth it is soft, but it hardens and 
diminishes in bulk by exposure to the air. | 

The opal is always amorphous. Its fracture is conchoidal. 


Commonly somewhat transparent. Hardness varies consider-. 


ably. Specific gravity from 1°958 to 2:189. The lowness of 
its specific gravity, in some cases, is to be ascribed to accidental 
cavities which the stone contains. These are sometimes filled 


30k 


Chap. II. 


with drops of water. Some specimens of opal have the pro- | 


perty of emitting various coloured rays, with a particular efful- 
gency, when placed between the eye and the light. The opals 
which possess this property are distinguished by lapidaries by 
the epithet oriental, and often by mineralogists by the epithet 
- nobilis. ‘This property rendered the stone much esteemed by 
the ancients. Opals acquire it by exposure to the sun. Wer- 
ner has divided this species into four subspecies. 


* Klaproth, Beitrage, i. 112. 

¢ Santi, as quoted by Pfaff, Crell’s Annallen 1796, ii. 591. 

J} Kirwan,i. 296. Brochant, i.271. Hoffmann, ii. 1. 181. 

§ Kopp, Gehlen’s Jour. Second Series, viii. 179. 

{| Kirwan’s Min... 289. Haiiy, Jour. de Hist. Nat. ii. 9. Delius, Jour. 
de Phys. xliv. 45. Brochant, i. 341. Haiiy, ii. 434. Hoffmann, ii. 1. 134. 
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SIMPLE MINERALS. 
Subsp. 1. Precious Opal. 


This mineral is found in Upper Hungary, and said to be 
disseminated in clay porphyry. Occurs massive,, in plates and 
small veins. Colours milk and yellowish-white; but between 
the eye and the light they pass into pale rose-red and wine- 
yellow. Exhibits a beautiful play of colours. Internal lustre, 
splendent, vitreous. Fracture perfect conchoidal. Fragments 
sharp-cdged. Translucent. Semihard. Brittle. Very easily 
frangible. Specific gravity 2°114. Does not melt before the 
blow-pipe. When heated it becomes opaque, and sometimes is 
decomposed by the action of the atmosphere. Hence it seems 
to follow, that water enters essentially into its composition. 


Subsp. 2. Common Opal. 


This mineral occurs in many parts of the world, especially 
in Iceland, the Faro Isles, Ireland, and Germany. Sometimes 
it is in veins, sometimes disseminated, and most frequently in 
porphyry. 

Principal colour white of various shades; namely, greyish, 
greenish, yellowish, and milk-white: from greenish-white it 
passes into apple-green; from yellowish into honey and wax- 
yellow: sometimes intermediate between flesh and tile-red. 
The white varieties, when held between the eye and the light, 
appear wine-yellow. Internal lustre, splendent, vitreous. 
Fracture perfect conchoidal. Fragments sharp-edged. Semi- 
transparent. Semihard. Brittle. Very easily frangible. Spe- 
cific gravity from 1°958 to 2°120. 

Specimens of this variety sometimes occur with rifts: these 
readily imbibe water, and therefore adhere to the tongue. Some — 
opals gradually become opaque, but recover their transparency 
when soaked in water by imbibing that fluid. They are then 


called hydrophanes, or ocult mundi. 
Subsp. 3. Semz Opal. 


This mineral, which has been arranged with pitch-stone, is 
very common in different parts of the world, occurring in an- 
gular pieces and veins in porphyry and amygdaloid. 

Common colours white and grey; namely, yellowish, green- 
ish, and milk-white; yellowish, greenish, and ash-grey, and 
greyish-black; leek, apple, and olive-green ; honey and wax- 
yellow, yellowish-brown ; chesnut and hair-brown. Sometimes 
several colours appear together in spots and clouds. Colours 
usually muddy. Occurs massive, and in various particular 
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shapes. Lustre glistening. Fracture imperfect large flat con- Chap. Tt. 
choidal. Fragments sharp-edged. Harder than common opal. 

Very brittle. Easily frangible. Specific gravity 2:187.* In- 

fusible before the blow-pipe. 


Subsp. 4. Wood Opal. 


This mineral, which occurs near Schemnitz, and at Telko- 
-banya in Hungary, consists of wood penetrated with opal. It 
occurs in pieces which have the shape of branches and other 
parts of trees. Colour greyish and yellowish-white ; some- 
times ochre-yellow; from greyish-white it passes into ash-grey 
and greyish-black. Internal lustre glistening. Fracture more 
or less perfect conchoidal, showing the ligneous texture, F rag 
ments sharp-edged. Translucent. Harder than opal. Easily 
frangible. Specific gravity 2:189. 

These two species are so intimately connected that it would 
perhaps be better to unite them. “They appear to consist es- 
sentially of hydrate of silica. The following table exhibits 
the best analysis of them hitherto made. 


Hyalite. Precious 


Opal: Common. | Fire Opal. Semi Opal. 
Be iee tees ol acetic ott 
BeOS wa) oc sss PE NTs eth! 4 90 93°5 92 82°75 | 85 
Alumina ....../Trace| — — — SB 1S 
OGG tc. clei ao], ow re — O25 | sane 
Oxide of iron..| — ae 1 0°25! 3:00] 1°75 
ation... ht wles bab — uel 1 
Water : 6°33 10 5 7°75| 10:00} 8 
Bitumen ‘ — — — — a 0°33 
Bee: dws 167; — 


100- 100 |100 {100 {100 ~~ {100-00 


Sp. 11. <Allophanite.tt 


This mineral, which occurs in a limestone bed much im- 
pregnated with iron, in a greywacke mountain, in the forest of 


* Karsten. 

+ Bucholz, Gehlen’s Journal, Second Series, viii. 177. 

t Klaproth, Beitrage, ii. 159. § Ibid. 161. 
{{ Ibid. iv. 159. ** Stucke. 


“t+ Klaproth, Beitrage, v.29, The specimen was from Mahren. Colour 
greyish-black. Sp. gr. 2-020, 
+t Hoffmann, iv, 2. 180. 
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Bok I. Thuringia, was first noticed in 1809, by M. Riemann, from 


whom it got the name of riemannite. Professor Stromeyer 
gave it the name of allophanite (aAAsgams) in consequence of 
the great resemblance which it bears to the native carbonate 
of copper. 

Its principal colour is blue, though it occurs also green and 
brown. It has never been found in crystals. Lustre shining 
or glistening—kind of lustre vitreous. Fracture small imper- 
fect conchoidal. Fragments sharp-edged. Transparent, ex- 
cept the brown varieties which are only translucent on the — 
edges. Semihard. Brittle. Very easily frangible. Specific’ 
gravity from 1°852 to 1°889.* . 

In acids it gelatinizes and dissolves almost completely. Its 
constituents, according to the analysis of Stromeyer, are as 
follows : : : 

‘Water. . sek eccicerane aod 
SSiLIDAD cot sie 's ageibie dias o/s ng 621 oe 
PMCNNS | sis ste ee gis 0 Oe ee 
Lime... os s\s.0% hee the tie el OLE 
Sulphate of lime ...... 0°517 
Carbonate of copper.... 3°058 
Hydrate of iron ...... 0°270 


100°000 
Sp. 12. Menilite.+ 


This mineral, which occurs in adhesive slate at Menil Mon- 
tagne near Paris, was first made known to mineralogists in 
1790. It is found in tuberose masses, with a smooth ribbed 
surface, sometimes covered with a white crust. Colour ches-. — 
nut brown, { externally marked with stripes of reddish brown 
and pearl grey alternating with each other. Internal lustre 
glistening. Cross fracture perfect flat conchoidal ; longitu- 
dinal coarse splintery. Fragments sharp-edged. In flattened 
longish granular distinct concretions; the surface of which — 
has no lustre, and is sometimes covered with a white crust. 
Translucent on the edges. Scratches glass. Brittle. Easily 
frangible. Specific gravity 2°185.§ | 

Its constituents are as follows: 


* Stromeyer. + Klaproth, Beitrage, ii. 165. Hoffmann, ii. 1. 156. 

+ There is a variety of a yellowish grey colour found at Argenteuil, near 
Paris. Its specific gravity is 2°375. 

§ Klaproth. | | 
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RICANS 50s /6 VSN ee clee'e a BOD 
A OP RRO LO a pg 
ealitie VAP Ee Suge 
Oxide of iron .........8 O'S 
Water: 22000 CMMs ..10 
BS ists tice old kv gills GARE 


100°0* 


Sp. 13. Jasper.+ 


This mineral is an ingredient in the composition of many 
mountains. It occurs usually in large amorphous masses, con- 
stituting beds and veins, sometimes in rounded or angular 


pieces. Either opaque, or translucent on the edges. Rather’ 


softer than quartz. Specific gravity from 20 to 2°7.t Its co- 
lours are varicus. When heated it does not decrepitate. 

Werner subdivides this species into seven subspecies; some 
of which are again subdivided into different kinds, for the con- 
venience of description. 


Subsp. !. Egyptian Jasper. 


This mineral has been hitherto found only in Egypt, and in 
one or two places in Germany. It occurs in rolled pieces, 
mostly spherical, with a rough surface. Werner, from its co- 
lour, divides it into two kinds. 

I. Brown Egyptian Jasper. Found in Egypt in a breccia, 
of which the greater part of that country is composed. Colour 
chesnut-brown; sometimes yellowish-brown, cream-yellow, and 
yellowish-grey. The central part of this mineral has a yel- 
lowish-grey colour; the exterior part a yellowish-brown and 
chesnut-yellow. The brown colour forms concentric delinea- 
tions, between which the mineral is spotted with black. Lustre 
glistening. Fracture perfect conchoidal. F ragments sharp- 
edged. Translucent on the edges. Easily frangible. Specific 
gravity from 2°564 to 2°624. Sometimes passes into flint. 


II. Red Egyptian Jasper. Found in a bed of red clay iron-. 


* Klaproth, Beitrage, ii. 169. 
_ + Kirwan’s Mineral, i. 309. Borral, Hist. Natur de Corse. Henkel, Act. 
Acad. Nat. Curios. v. 339. Brochant, i. 332. Hoffmann, ii. 1. 161. 

t The light kinds belong to opal jasper, and probably owe their lightness 
to cavities. . 
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Book 1. stone in the electorate of Baden. Colour between blood and: 


’ scarlet-red; on the surface often ochre-yellow, also smoke and 


bluish-grey ; colours form ring-shaped delineations. Internal 
lustre glistening to dull. Fracture large conchoidal. Frag- 
ments sharp-edged. Usually opaque. Hard. Specific gra- 
vity 2°632. 


Subsp. 2. Striped Jasper. 


This mineral occurs in beds, and even constitutes hills. 
Always massive. Colours pearl, greenish, and yellowish-grey ; 
cream and straw-yellow; mountain and leek-green, and green- 
ish-grey; cherry, brownish, and flesh-red; plum-blue. Se- 
veral colours always appear together in stripes. Hence the 
name of the mineral. Internal lustre dull. Fracture pretty 
perfect conchoidal, approaching to fine earthy. Fragments 
pretty sharp-edged. Translucent on the edges. Sometimes 
opaque. Pretty hard. Brittle. Rather easily frangible. Spe- 
cific gravity 2°537. 


Subsp. 3. Porcelain Jasper. 


This mineral is supposed to have been originally a slate- 
clay, hardened by the combustion of subterraneous coal-mines. 
It occurs in whole beds in situations favourable to this opinion. 
Usually massive and in angular pieces ; frequently rent. Co- — 
lours smoke, bluish, yellowish, and pearl-grey ; lilac and la- 
vender-blue; brick-red; straw and ochre-yellow; greyish- 
black and ash-grey. Generally of only one colour, but often 
marked with dots and clouds. Often presents brick-red vege- 
table impressions, especially the blue varieties. Internal lustre 
glimmering ; sometimes shining. J*racture imperfect large flat 
conchoidal. Fragments sharp-edged. Opaque. Hard. Very 
brittle. Easily frangible. Specific gravity 2°431 to 2°646. 


Subsp. 4. Common Jasper. 


This mineral, whieh is very common, occurs in veins in pri- — 
mitive mountains. Most commonly massive. Colours yel- 
lowish, liver, and blackish-brown ; ochre-yellow ; blood-red ; 
rarely scarlet and cochineal-red; brownish-red ; brownish- 
black. Sometimes several colours appear together in the same 
mineral. Internal lustre glistening; between vitreous and re- — 
sinous. Fracture more or less perfect conchoidal, passing into 
even and earthy. Fragments more or less sharp-edged. Usually _ 
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opaque. Sometimes translucent. on the edges. Pretty hard. chap. m. 
Brittle. Easily frangible. Specific gravity 2°298 to 2-665... “~~ 


Subsp. 5. Jasper Agate. 


This mineral occurs in agate balls in amygdaloid. Always 
massive. Colours yellowish-white, cream and straw-yellow, 
reddish-white and flesh-red. The colours are distributed in 
rings and stripes. Lustre dull. Fracture small flat conchoidal. 
Fragments scarcely sharp-edged. Usually opaque. Pretty 
hard. Often adheres to the tongue. 


Subsp. 6. Opal Jasper. 


This mineral occurs in nests in porphyry, in Hungary and 
Siberia. Massive. Colours scarlet, brick, blood, and brown- 
ish-red; blackish-brown, approaching sometimes to liver- 
brown and ochre-yellow. Colours sometimes in spots and 
veins. Internal lustre shining, approaching splendent; be- 
tween vitreous and resinous. Fracture complete flattish con- 
choidal. Fragments very sharp-edged. Usually opaque. 
Sometimes translucent on the edges. Brittle. Easily fran- 
gible. This subspecies connects jasper with opal. Specific 
gravity 1°S63 to 2°081. 


: » Subsp. 7. Basalt Jasper* 
This subspecies was first noticed and described by Mr. 


Freiesleben. It occurs in Saxony, in the Rabenberge, near 
Johan-Georgenstadt. It is found also in Bohemia, Hanover, 
Thuringia, and other parts of Germany. It has likewise re- 
ceived the name of basaltic hornstone. 

Its principal colour is lavender blue; but it occurs likewise 
pearl, bluish, greenish and yellowish grey; and even yellowish 
and liver brown. Usually several of these colours appear to- 
gether in stripes. Internal lustre glistening and glimmering. 
Kind of lustre resinous, approaching vitreous. Fracture small 
conchoidal and uneven. Fragments sharp-edged. Opaque. 
Moderately hard. Specific gravity 2-41 according to Dr. Zim- 
mermann. 

Before the blow-pipe it melts with difficulty, with efferves- 
cence into a black shining bead. Its constituents are as fol- 
lows : 


* Hoffmann, iv, 2. 156. 
x2 
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Potady -aitiae Mian eu 
Dine ci, Shiai . val 
Alumina Ss POPOV ei res 
SilicatViyk. WARRREE Ie a r1 
Oxide ofMiron eas 6. 13°7 
SUIPNUTIC AOI wells aes pbin le 
Sulphuretted hydrogen? .. 1:0 
Carbonic .acidiy sipeaices «>> 1°O 
WALEE cos secu a a rus Ur ace 


Oxide of manganese saean crace 


VIII. PITCH-STONE FAMILY. 
Sp. 1. Spherulite.t 


This mineral was formerly confounded with pearlstone and 
hornstone. It was observed about seven years ago by M. 
Breithaupt, in the collection of M. Becker; soon after Wer- 
ner examined it, gave it its name, and introduced it into the 
system. Geognostically considered it belongs to the pearlstone 
and pitchstone porphyry mountains. It occurs imbedded in 
pearlstone in the vicinity of Glasshutte, near Schemnitz, and 
in other places, particularly in Iceland, where it is imbedded 
in pitchstone. 

Its principal colours are brown and grey. It occurs reddish, 
yellowish, and hair brown, likewise tile-red and bluish-grey. 
It occurs in roundish balls or grains of all sizes, often aggre- 
gated into kidney-form masses, of all sizes. Externally it is 
sometimes rough; and sometimes smooth, in which last case 
it is covered with a milk-white incrustation. The internal 
lustre varies from glimmering to dull. Fracture sometimes 
uneven and splintery; sometimes fibrous. It is opaque, or at 
most only translucent on the edges. Nearly of the same hard- 
ness as quartz. Brittle. Lasily frangible. Specific gravity 
from 2°40 to 2°52.—Before the blow-pipe it is infusible, except 
the edges which undergo an incipient fusion. 


Sp. 2. Obsidian.t 


This mineral occurs in nests in the pearl-stone of Hungary. 
It is common in Iceland, Siberia, the Levant islands, and in 


* Leopold Gmelin, Schweigger’s Jour. xiv. 3. 
+ Hoffmann, iv. 2. 151. 


} Kirwan, i. 221. Brochant, i. 288, Hatiy, iv.494. Hoffmann, il, 1, 191. 
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South America... Found in angular ‘pieces and roundish Chap. 1: 
an Vemma 


grains. Principal colour velvet-black; occurs also greyish, 


Latah, and greenish-black; ash and smoke-grey; hair 


and clove-brown. Often striped and spotted. Fracture 
perfect conchoidal. Its internal lustre splendent, vitreous. 
Fragments sharp-edged. Transparent ; sometimes only trans- 
lucent. Hard. Easily frangible. Specific gravity 2°348 to 
2°432.* Melts into an opaque grey mass. 


Sp. 3. Pitch-stone.+ 


This stone, which occurs in different parts of Germany, 
France, and other countries, has obtained its name from some 
resemblance which it has been supposed to have to pitch. It 
occurs in beds in porphyry; and in beds and veins in the 
newest floetz trap. Massive. Colours black, green, brown, 
red, grey, of various shades. Fracture imperfect flat large 
conchoidal; sometimes approaches to splintery. Lustre from 
shining to glimmering, between vitreous and resinous. Trans- 
lucent. Hard. Brittle. Very easily frangible; it often 
yields even to the nail of the finger. Specific gravity 2°196 
to 2°389.~ Fusible. At 21° Wedgewood swells a little; 
softened at 31°, The green variety from Arran becomes per- 
fectly white and porous at 70°. 


Sp. 4. Pearl-stone. § 


This mineral, which occurs in Tokay in Hungary, in 
Kamschatka, and near Sandy Brae in Ireland, was first made 
known to mineralogists under the name of volcanic zeolite. 
Werner, when he introduced it into the system, gave it the 
name of pearl-stone. It is found in beds in porphyry, com- 
monly vesicular, and the vesicles are round. Usual colour 
grey; sometimes black and red. ‘The varieties of grey are 
smoke, bluish, ash, yellowish, and pearl-grey; from ash-grey 
it passes into greyish-black; from pearl-grey into flesh and 
brick-red, and reddish-brown. Lustre shining, pearly. 
Fracture scarcely discernible ; appears to be small imperfect 


-conchoidal. Fragments Binuiecned: Occurs in large an- 


gular-grained distinct concretions; these are composed of 
small round-grained concretions; and these again of very thin 

* Humboldt, Gehlen’s Jour. v. 122. f 

+ Kirwan, 1.292. Brochant, i. 353. Haiiy, iv. 386. Hoffmann, ii. 1. 
202, 

} Hoffmann. -§ Klaproth, iii, 326, Hoffmann, ii. 1. 208. 
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Book. lamellar distinct concretions. Translucent on the edges. Not 
brittle. Very easily frangible. Soft. Specific gravity 2°340.* 
Sp. 5. Pumice.+ 

This mineral occurs in. great abundance in the Lipari 
Islands; it occurs also on the banks of the Rhine and in 
Hungary. Usually in vesicular masses. Colours light yellowish- 
grey and smoke-grey; sometimes ash-grey. Lustre in the 
principal fracture glistening, pearly; in the cross, vitreous. 
Principal fracture parallel curved fibrous; cross fracture un- 
even, and imperfect conchoidal. Fragments blunt-edged and 
splintery. ‘Translucent on the ,edges. Soft. Very brittle. 
Easily frangible. Swims in water. 3 

The following table exhibits the constituents of the pre- 
ceding minerals, according to the most accurate analyses 
hitherto made: 


Constt- Obsidian. Pitch- Pearl-stone Pumice, 
tuents, stone. 
§ § t #* | tft tt i & 
Silica .....} %72°0 | 72 71 18 13 75°25) TT 17°50 
Alumina 125 | 142] 13°4 10 14°5 | 12:00) 13 17°50 
Lime...... —_ 1°? 1°6 l 1:0 0°50, — as, 
Iron oxide 2:0 3 4:0 Q 1:0 1:60 2 1°%5 
Mang. ox _— — — 16 | O1 ma ~- — 
Potash @ 6 — *50 2 . 
Soda... ‘ i Th iall ata Cees Ma Led RG ped nk ge 
Water — — — — 8°50} 4°50 4 — 
Loss ..24..| 3°5 6:3 5 1:4 0-15} 1°65 1°3 0°25 


cece | en | ees | epee | Simeone | Geemeemeeneees | eee | 


100-0 | 100°0 | 100-0 | 100°0 {100°00}100-00; 100-0; 100-00 


From these analyses, it appears that all the species are com- 
posed very nearly of the same ingredients; namely, about six 
parts of silica, one of alumina, and a portion of fixed alkali. 


IX. ZEOLITE FAMILY. 

zeotitefae  Lhis family contains twelve species; namely, karpholite, 

argo prehnite, natrolite, mesolite, skolexite, stilbite, apoph yllite, anal- 
cime, chabasite, cross-stone, lomonite, dipyre. 


* Klaproth. + Hoffmann, ii. 1. 213. 
+ Descotils, Gehlen’s Jour. v.122..  § Drappier, ibid. 


|| Vauquelin, ibid. p. 230. ** Klaproth, Beitrage, ili. 265. 
++ Klaproth, Beitrage, ii. 334. . 
+ { Vauquelin, Gehlen’s Jour. v. 230. 
§§ Klaproth, Beitrage, ili. 265. 
5 
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This mineral was introduced into the system by Werner in chap. 1. 
1816, and named karpholite from the great resemblance of ieee name 


its colour to that of straw. It occurs at Schlackenwald in 
Bohemia. Breithaupt has published a description of it, 
which is transcribed by Professor Steinmann in his paper on 
the constituents of this mineral. Jam indebted to the libe- 
rality of Mr. Heuland of London, for a specimen of this rare 
mineral. 

The colour is of a strong straw-yellow; sometimes, though 
rarely, it approaches wax-yellow. The lustre is glistening, 
and the kind of lustre is pearly. It always:consists of minute 
fibres usually diverging from a point ; so that it has the ap- 
pearance of tufts, and the fracture may be considered as 
splintery or wedge-shaped. It consists of angular distinct 
concretions of different sizes, each consisting of a system of 
very minute crystals diverging from a centre. Opaque. The 
hardness cannot easily be determined in consequence of the 
minute size of the fibres, and the ease with which they may 
be separated from each other. But Steinmann found that the 
mineral could be reduced to powder with facility in a calce- 
dony mortar. Specific gravity, according to Breithaupt, 

2:935; according to Steinmann 2°923. | 
Before the blow-pipe, urged with oxygen gas, it fuses to a 
brown opaque enamel. © With carbonate of soda it melts into 
a green enamel. Muriatic acid has scarcely any action on it. 
The constituents of this mineral, according to the analysis of 
Steinmann, are as follows: 


Silica eeooaoeoceov0eeee0e8 8289 6 @ 37°53 


Alumina: ie ays aw wee sno «(26°48 
Protoxide of manganese.. 17:09 
Protoxide of iron ..... bicinr O% 
WY ater <b jae data een € sje db 36 
LORS yeh she betes ihe bbe 1:90 

100°00 


_M. Steinmann considers it aa 1OAS+3mS4+/fS?+ 
8 Aq. ; 


* Steinmann; Schweigger’s Jour. xxv. 413. 
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Sp. 2. Prehnite.* 


Book ut. Though this stone had been mentioned by Sage,t Romé 


de Lisle,{ and other mineralogists, Werner was the first who 
properly distinguished it from other minerals, and made it a 
distinct species. The specimen which he examined was 
brought from the Cape of Good Hope by Colonel Prehn ; 
hence the name prehnite, by which he distinguished it. It 
was found near Dunbarton by Mr. Grotche; § and since that 
time it has been observed in other parts of Scotland. 

It has been divided into two kinds, namely, foliated and 
jibrous prehnite, which in reality constitute two distinct species. 


Ist Kind, Foliated Prehnite. 


This is the kind of prehnite that was first brought from the 
Cape by Prehn, and which was constituted a species. by 
Werner in 1783. It is rather a scarce mineral; but occurs 
in. considerable quantities in Dauphiné, in the department. of 
the Isere at Oisano, near Balme d’Aunis. It occurs likewise 
in some other parts of the Alps, and in the Tyrol, usually in 
veins in granite or hornblende rocks, associated with other 
minerals, 

Its principal colour is apple-green ; sometimes it is greenish- 
white, grass-green, mountain-green, leek-green, and greenish- 
grey. According to Mohs it is found likewise yellowish-white 
and yellowish-grey. | 

It occurs massive, and very often crystallized. The primi- 
tive form is a rectangular rhomboidal prism. Sometimes they 
are irregular six-sided plates, and sometimes flat rhomboidal 
parallelopipeds. Lustre shining, pearly. The principal 
fracture is curve foliated ; but the cleavage can be traced only 
in one direction. ‘The cross fracture is fine grained uneven. 
It occurs in distinct concretions of various sizes. It is com- 
monly translucent ; sometimes transparent. Sufficiently hard 
to scratch glass. Specific gravity from 2°609 to 2°696. || 

Before the blow-pipe it froths and fuses into a slag of a 


-light-green colour. When heated it becomes electric. It 


does not gelatinize with acids. Its constituents are as follows : 


* Kirwan, i. 274, Hassenfratz, Jour. de Phys. xxxii. 81. Sage, ibid. 
xxxiv. 446. Klaproth, Beob. der Berlin, 2 Band. 211; and Ann. de Chim; 
1.201. Haiiy, iii. 167. Brochant, i. 295. Hoffmann, ii. 1. 220. _ 

t Miner. i, 282. . ¢ Crystal. ii. 275. § Ann. de Chim.i.213. |} Haiiy. 
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Silica ©*@eees -t e@sees 43°80 eeee 50°0 
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MENTO ue ne eae Mh he's LOE 
bY UECTE NE Gia ts Mg el lin Balen ea aa Ui aI 9 08 
Oxide of iron .... 5°66 .... 49 
Water (2. boot ce 1 LG ea gk eo 


1 SI MY il AE 0°72 cone aie, 


100°00 100°0 
2d Kind, Fibrous Prehnite. 

This mineral, unlike the last, seems to be confined to fléetz 
rocks, and occurs commonly in basalt or amygdaloid. It is 
very common in the neighbourhood of Glasgow. It occurs 
also in the rocks round Edinburgh, and in different places in 
Airshire, &c. 

It occurs of various shades of green, as siskin, oil, and aspara- 
gus; likewise greenish-yellow. It is sometimes crystallized in 
acicular four-sided rectangular prisms; but. more frequently 
in spherical or kidney-form concretions, consisting of slender 
needles diverging from acentre. Lustre glistening, pearly. 
Fracture fibrous. Fragments sharp-edged. | Translucent. 
Rather harder than the foliated kind. Specific gravity from 
2:399 t to 2°901.§ 

It becomes electric by heat and fuses before the blow-pipe 
like the foliated prehnite. ‘ 

The constituents of this mineral, according to the best ana- 
lyses hitherto made, are as follows: 


| aS ae Ti 
CA ae 00 42°5 «2 49°875 2. 43°00 .. 43°60 
PUTO oe sid ad see > 28°5 .. 21°500 .. 23°25 .. 23°00 
PVE gtd oes: 6. oe» 18° .. 26°500 .. 26°00 .. 92°33 
Magnesia ......... or). ea SCE oe Tepe liv 
Oxide of iron..... 30 .. 3:000.. 2:00.. 2:00 
Oxide of manganese — .. 0°250.. 0°95... — 
OOS ANG.SOda. 4.5 0°75 1 metus ae — 


en oe 200, . 6, ABBR AsOR 6°40 
Pema s ss 4°85 2, Pe TSO 2°67 


| 100°00 100°000 100:00 100-00 
* Klaproth, Ann. de Chim. i. 208. + Hassenfratz, ibid. 
ty Hawy. § By my trial. 
| Laugier, Ann.deChim. Ixxv.78.  ** Gelhen, Schweigger’s Jour. iii. 182. 
tt By my analysis ; Annals of Philosophy;, xiv. 66. 


313 


Chap. 11. 


314 


Book If. 


SIMPLE MINERALS. 


Fibrous prehnite differs from foliated in its specific gravity 


“Y™ and hardness, which are greater, and in its fracture. It appears, 


also to contain more water. Its constitution is probably 


ALS +CS* 
| Sp. 3. Mesotype.* 


This mineral was first noticed by Cronstedt, who describe q 


itin the Stockholm Transactions for 1756, and gave it the 

name of zeolite; but it is to Werner and Haiiy that we are 

indebted for the exact discrimination of its different varieties. 
It is found massive, globular, and crystallized. The pri- 


mitive form of its crystals, according to Haty, is a rectan- — 


gular prism, whose bases are squares. The most common va- 
riety is a long four-sided prism, terminated by low four-sided 


pyramids.t 
Colour yellowish, greyish, reddish, and snow-white. Ex- 


ternal lustre shining, pearly; internal glistening, pearly. Frac- 
ture narrow and broad radiated. Fragments sometimes 
wedge-shaped. In large longish distinct concretions. Trans- 
lucent, sometimes semitransparent. Occasions double re- 
fraction. Scratches calcareous spar. Brittle. Easily fran- 
gible. Absorbs water. Specific gravity 2'0833 ¢ to 27198. § 
When heated it becomes electric like the tourmaline. || Be- 
fore the blow-pipe it froths,** emits a phosphorescent light, 
and melts into a white semitransparent enamel, too soft to cut 


glass, and soluble in acids. In acids it dissolves slowly and 


partially without effervescence ; and at last, unless the quan- 
tity of liquid be too great, it is converted into a jelly. 

The mineral, called needle stone, found in Iceland, Britanny, 
and in Scotland, is a variety of mesotype. Common colour 
yellowish-white. Occurs massive and crystallized in rectan- 
gular four-sided acicular prisms, flatly acuminated by four 
planes set on the lateral faces. Crystals sometimes scopiform 
ageregated, sometimes intersect each other. They are longi- 


tudinally streaked. External lustre shining, bordering on 


\ 


splendent; internal glistening, vitreous. Principal fracture _ 


imperfect narrow straight radiated; cross fracture uneven and 


* Kirwan, i. 278.- Guettard, iv.631. Bucquet, Mem. Sav. Etrang. 
ix. 576. Pelletier, Jour. de Phys. xx. 420. Haiiy, iii. 151. Brochant, 
i. 298. Hoffmann, 11. 1. 235. 

+ Haiiy, Jour. de Min. No. xiv. 86. { Haiiy, iii. 151. 

§ Hoffmann, ii. 1. 243. || Haiiy, Jour. de Min. No. xxviii, 276. 

** Hence the name zeoltte; from %w and. A605. t 
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! P suet : Chap. II. 
glassy. Composed of very thin columnar distinct concretions, Chap 


again aggregated into large angular concretions. Amorphous 
specimens translucent, crystals transparent. Hard. Brittle. 

I have given the preceding description of mesotype from 
Werner and Haiiy; but I have no doubt that in. fact three 
species at least, and probably more, have been hitherto con- 
founded under the name mesotype. The three at present 
known are the following: 


Sp. (1.) Natrolite.* 


This mineral, which was first described and analysed by 
Klaproth, received its name from that chemist, on account of 
the large proportion of soda which it contains. Hitherto it 
has been found only in the mountains of Suabia, where it 
borders on Switzerland, and at Burntisland in Scotland. Mr. 
Smithson has shown that it is only a variety of the preceding 
species. 

Colours yellowish-white, cream-yellow, and light yellowish- 
brown. ‘These colours form stripes, which are curved in the 
direction of the external surface. Massive and reniform. 
Crystals, the same as those of mesotype. Surface drusy, being 
covered with minute crystals, seemingly rhomboidal. Inter- 
nal lustre glimmering. Fracture delicate fibrous. Occurs in 
granular distinct concretions. Harder than staurolite. Trans- 
lucent on the edges. Easily frangible. Before the blow-pipe 
it melts easily into a transparent glass full of cavities. Specific 
gravity 2°229. 

Its constituents are as follows: 


BUCA eos oe odee ie Ae OO! #2 irhO- vice. 48 
Pe et pk DU 25 Vane slice Phat Wine cele 
Oxide of iron ...... Fig 5 RnR upon 
Re end Pita ss ss a Woks AS SLs QUOD be salt HN sae) 
PE UCR oss a> duh «ath Dias ih vag She ee cy re 
ys os o's sie cit Diva ee a beeen RC et Aida |e 


ns 


-100°00f ~—- 1025 ~—-100°0§ 


_* Hoffmann, ii. 1. 273. 
+ Smithson, Phil. Trans. 1811, p. 171. 
t Vauquelin, Jour. de Min. No. xliv. p. 576, a needle-zeolite from Ferro. 
§ Gehlen and Fuchs, Schweigger’s Jour. xviii. 11. 
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Sp. (2.) Mesolite.* 


Book. [his mineral has hitherto been confounded with the meso- 

\““V™ type, both by Werner and Haiiy; but it was rightly separated 
and made a distinct species on account of the marked dif- 
ference in its composition; and indeed in several of its cha- 
racters. It is by no means a very abundant mineral. The 
specimens examined by Gehlen and Fuchs came from Iceland 
and the Faroe islands. It has been found likewise in Bohemia, 
and in the Tyrol. 

Colour white. It occurs crystallized in four-sided prisms, 
terminated by a low four-sided pyramid, the faces of which 
correspond with the faces of the prism. The inclinations of 
the faces of the prism to each other are 91° 25’ and 88° 35’. 
The inclination of the faces of the pyramid, to those of the 
prism, has not been determined; but it seems to agree nearly 
with that of natrolite. Specific gravity 2:333 (Freyssmuth) 
2°263.t Its hardness, electric properties, and phenomena with 
acids are almost exactly the same as in the next following 
species. When heated to redness it loses about 12 per cent. 
of its weight. The constituents of this mineral are as 
follows : 

§ 


MSILICA, vite ao.n tele 'sinie art PiO  scjain, ace 
Alumina |. 6.0: ase 25D ie aaa SLC 
LAME fe ore + TAH OREN cpu thee 
TF Gale oes ED RR ty Se ee 
"WHSEET 510") o)s aid esbuhce et ore wo iasatnk eens 


ae Fee 


100°0 101°0 
Sp. (3.) Skolezite. || 


This mineral, like the last, is considered by Haiy as be- 
longing to mesotype, and by Werner as a variety of needle- 
zeolite. It was made into a distinct species by Fuchs and 


* Fuchs, Schweigger’s Jour. xviii. 16, and Freyssmuth; ibid. xxv. 426. 

+ Fuchs and Gehlen, They state it at 2°63; but I suppose a typogra- 
phical error. 

{ Fuchs and Gehlen. The mean of four analyses, all very near each 
other. 

§ Freyssmuth. The mineral was from Bohemia, and seems to have 
contained a little stilbite. 

} Fuchs and Geblen, Schweigger’s Jour. xviii. 13. 
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Gehlen, because its composition differs from that of all the chap. 1. 
rw 


other species of zeolite, and because it possesses peculiar pro- 
perties. Hitherto it has been observed only in Iceland, the 
Faroe islands, and Staffa. _ 

Colour white. The crystals hitherto observed are six-sided 
prisms, with angles of 91° 20’ and 134° 20’, These prisms 
are terminated by low four-sided pyramids, the angles of 
which are 91° 20’ and 88° 40’. The faces of the pyramids 
and prism meet at angles of 116° 35’. These crystals are all 
very thin, and only crystallized at one extremity, It is hard 
enough to scratch glass slightly. Specific gravity 2°214. 

When heated it becomes very electric. When a crystal or 
small piece of it is exposed to the outer flame of the blow- 
pipe it becomes immediately opaque and twists up like a worm 
(hence the name skolezite). If it be continued for some time 
longer} in the outer flame, it melts into a very bulky and 
shining froth, which, when exposed to the inner flame, loses 
much of its bulk and forms a vesicular weakly translucent 
bead. It dissolves readily in acids, and gelatinizes in them. 
The constituents of this mineral are as follows : 


INCE oceans vies 40° 
Alumina........ 25°7 
Lime .......... 14°2 
Water ........+ 13°6 


100°0 * 

From the preceding account of these minerals, it is obvious 
that the mesotype or needle-zeolite consists of at least three 
species very well distinguished by their composition, though 
their external characters have not yet been determined 


with the requisite exactness. These may be distinguished 
by the following names: 


Natrolite, 
Mesolite, 
Skolezite. 


They are all silicates of alumina, combined with some other 
silicate. In natrolite it is with silicate of soda, in skolezite 
with silicate of lime, and in mesolite with a mixture of the 
_two. ‘Their symbols are as follows: 


* Gehlen and Fuchs. The mean of several analyses. In some subse- 
quent analyses they found traces of soda. 
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Natrolite, 3 A/S + Sod $3+4+2Aq. 
_ Mesolite, 3A 7S + (2 Sod + 2C)S°+22Aq. 
Skolezite, 3A7S+CS'+3Aq. 


It is not impossible that the mesolite may be a mixture or 
a chemical compound of natrolite and skolezite. — 


Sp. 6. Sézdbete.* 


This species, which is the foliated zeolite of Werner, occurs 
massive, globular, and crystallized. The primitive form of 
its crystals is a rectangular prism, whose bases are rectangles. 
It crystallizes sometimes in dodecahedrons, consisting of a 
four-sided prism with hexagonal faces, terminated by four- 
sided summits, whose faces are oblique parallelograms; sonie- 
times in six-sided prisms, two of whose solid angles are want- 
ing, and a small triangular face in their place.+ 

Colour yellowish or greyish-white ; and sometimes, though 
seldom, snow and reddish-white. Beautiful flesh-coloured 
specimens occur in Scotland. Internal lustre shining, pearly. 
Fracture perfect foliated; folia somewhat curved; cleavage 
single. In granular, and sometimes, though rarely, in la- 
mellar distinct concretions. Crystals transparent; massive 
portions translucent. Hardness inferior to that of mesotype. 


Brittle. Specific gravity from 2°132 to 2°200.f Powder, » 


when exposed to the air, cakes and adheres as if it had ab- 
sorbed water. It causes syrup of violets to assume a green 
colour. When heated in a porcelain crucible, it swells up 
and assumes the colour and semitransparency of baked por- 
celain. By this process it loses 0°185 of its weight. Before 
the blow-pipe it froths like borax, and then melts into an 
opaque white coloured enamel. § Does not gelatinize in acids. 
Not electric by heat. 

The fibrous zeolite of Werner is merely a variety of this 


species. It is massive, in balls, and likewise in capillary crys- 


tals. Colours snow-white, yellowish-white, greenish-white, 


reddish-white; ochre-yellow; greenish-grey; flesh-red. In-. 


ternal lustre glimmering, pearly. Fracture fine fibrous; 
sometimes splintery. Fragments wedge-shaped. In granular 
distinct concretions. Translucent. Semihard. Easily frangible. 


* Hoffmann, 1, 1. 237. + Haiy, Jour. de Min. No. xiv. 86. 
{ Hoffmann, ii, 1. 244. 
§ Vauquelin, Jour. de Min. No, xxxix, 164. 
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The following table exhibits the composition of this species chap. 11 


according to the most accurate experiments hitherto made: 
: ors 
NICE ss sa ak WGI S Cee SE be 
MOMMA LP ate OOS Li ok GOR eT 7+8 
Lime eee eevee eae 8°170 e@eae 9°92 ee es 9 


note El) MR SO ek ER 1°536 
Water vee. 65.3 tee SOUO OL tA aly ieee 
ease SFOS i.! — ise laf MOE ibe as acest) 


SEN Rae CE 


101°302 100°0 100°0 
Sp. 7. Apophylite. § 
Ichthyophthalmite. 

This mineral occurs in Uton, in Sudermania, and in Green- 
land, and at Fassa in the Tyrol. Colour yellowish, reddish, 
greyish, and greenish-white. Occurs massive and crystallized 
in rhomboids which deviate very little from cubes, in rectan- 
gular four-sided tables, having their edges truncated, and in 
thick six-sided tables. External lustre of the crystals splen- 
dent, and they are distinguished by a characteristic lustre; 
internal glistening, pearly. Principal fracture foliated, with 
a single cleavage parallel to the lateral faces of the table; its 
lustre splendent. Cross fracture fine grained uneven; its 
lustre glistening. Semi-transparent, sometimes translucent. 
Semihard. Very easily frangible. Specific gravity 2°491. Be- 
fore the blow-pipe froths and melts into an opaque bead. || 

The following table exhibits the constituents of this mineral : 


iit Tt §§ 
Silica, 2. hE 52 BS 856402 51-8086 
Pimess... ..S": . 245 .. 28 .. 25°2935 .. 25°4885 
Potash’ ys... 62.. BrP det 9999"): B+ R998 
ES ee ea 15°0 ..17 .. 16°9054 .. 16°0438 


Loss .......+2. O44 se —.. O°7994 .. 1°1996 


on ——Sam Gna GE, Sy es, 


100°0 100 100°0000 100:0000 


* Gehlen, Schweigger’s Journal, viii. 355. 

+ Hisinger, Afhandlingar, iv. 357. 

{ Vauquelin, Jour. de Min. No. xxxix. 164. 

§ Hoffmann, ii. 1. 357. || Fourcroy and Vauquelin. 

** Rose, Gehlen’s Journal, v. 44. 

tt Fovrcroy and Vauquelin, Ann. de Mus, d’Hist. Nat. i. 472. 

{{ Stromeyer. The specimen was from Iceland. Gilbert’s Annalen, 
lxiii. 375. 


§§ Stromeyer, ibid. The specimen was from Fassa in the Tyrol. 
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The mineral to which Werner has given the name of Albin 


“~~ is, as we are informed by Mr. Heuland, a variety of Apo- ~ 


Crystals. 


phyllite.* 
Sp. 9. Analcime.+ 
Cubizite of Werner. 

This stone, which was discovered by Mr. Dolomieu, is found 
crystallized in the cavities of basalt and greenstone. It was 
first made a distinct species by Mr. Haury. Mineralogists had 
formerly confounded it with zeolite. 

The primitive form of its crystals is a cube. It is some- 
times found crystallized in cubes, whose solid angles are want~- 
ing, and three small triangular faces in place of each; some- 
times in polyhedrons with twenty-four faces. Jixternal lustre 
splendent, between pearly and vitreous: internal shining. 
Fracture very imperfect foliated. Cleavage triple, parallel to 
the sides of the cube. Fragments approaching to cubic. Has 
a tendency to granular distinct concretions. Translucent. 


Hard; scratches glass slightly. Specific gravity 2244. 


Colour white; sometimes red. When rubbed, it acquires 
only a small degree of electricity, and with difficultly.§ Be- 
fore the blow-pipe it melts without frothing into a white semi- 
transparent glass. || Its constituents are as follows: 

SHidas i. PPPS eats 6 BO 

Aluwiing tires OT Eee 

Pst PCOS CON De AR OS 

ae ata Ger Wee SPO ARs QR Be 

Water ett od oh SR ee eo 

TiQs8i2' ha Pej es ee st On esa ene 


eee a es 


100°0 100°0 
Sp. 10. Chabasite.t+ | 
This mineral, which was first separated from the preceding 
species by Bosc d’Antic and Haiiy, is found at Oberstein in 
Germany and in other places. It occurs usually in crystals. 
The primitive form is a rhomboid differing very little from a 
cube, having the angle at its summit 934°. Sometimes it 
occurs in that form; at other times six of its edges are trun- 
* Annals of Philosophy, xii. 454.. 
+ Haiiy, iii. 180. Brochant, i. 309. { Vauquelin. 
§ Hence the name analcime given it by Hat, from warns, weak. 
{| Haiiy, Jour. de Min. No. xiv. 86, and xxviii. 278. 


** Vauquelin, Hatiy’s tableau compar. p. 199, 
++ Haiiy, iii. 176.—Brochant, i. 309.—Hoffmann, i. 1. 257, - 
6 ; 
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cated, and the truncatures unite, three and three, at the two chap. u. 


opposite angles, while the other six angles are truncated: 
sometimes in double six-sided pyramids applied base to. base, 
having the six angles at the base and the three acute edges of 
each pyramid truncated. Colour white; sometimes transpa- 
rent. Lustre shining, vitreous.. Iracture imperfect foliated, 
with only one cleavage. Specific gravity 2°7176.* Scratches 
glass slightly. Melts before the blow-pipe into a white spongy 
Mass. 
Its constituents are as follows: 


UGGS c canghete doves Galatea ule MOS 
PAM Fe Choe oe. de eicde wes eavae se O0 
POMIG wwateevie en ore 5 ated Ween hahaa! | 
Soda with potash..........0. 9°34 
Water .veveeee. ts dee boikd weer ADO 
PS: leks dn bi otiancnye, ick Hheogerren, sONSB 


100°00+ 


Sp. 11.  Cross-stone.t 


Andreolite of Lametherie—Hyacinthe blanche cruciforme, 
var. 9. of Romé de Lisle—Harmotome of Haiy. 


This stone has been found at Andreasberg in the Hartz, and 
at Strontian in Argyleshire, in veins. At Oberstein it occurs 
crystallized in agate balls. The form of its crystals has in- 
duced mineralogists to give it the name of cross-stone. Its 
crystals are two four-sided flattened prisms, terminated by 
four-sided pyramids, intersecting each other at right angles: 
the plane of intersection passing longitudinally through the 
prisms. Sometimes these prisms occur solitary. Primitive 
form an octahedron with isosceles triangular faces. The faces 
of the crystals striated longitudinally. 

Colour greyish white. Lustre shining, between pearly and 
vitreous. Cross fracture uneven, sometimes small conchoidal ; 
longitudinal fracture foliated. Translucent. Scratches glass 
easily. Lasily frangible. Specific gravity 2°333.. When 
heated slowly, it loses 0°15 or 0°16 parts of its weight, and falls 
into powder. It effervesces witli borax and microcosmic salt, 


* Haiiy. , + Vauquelin, Ann.de Mus. d’Hist. Nat. ix. 333. 
} Kirwan, i. 282. Haiiy, iii. 191. Brochant, i.311. Hoffmann, ii. 1. 
261. See also Gillot, Jour. de Phys, 1793, p. 1 and 2. 
§ Hatiy. 
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Book u. and is reduced to a greenish opaque mass. With soda it melts 
into a frothy white enamel. When its powder is thrown on a 
hot coal, it emits a greenish yellow light.* 

Its constituents are as follows: 


+ f 
Silicatwnchoi. sauna fas Lao 
Alumina ...... 06. PEG Sees lee 
Barytes ..... RG inte tie ssc aenO 
WV Aber cee att tga wins Gg auee) Cr egaae a 
JOSS aia Nua co oon eee Go We wu hiBis 

100 100°0 


Sp. 12. Lomonite.§ 


This mineral was named by Werner from Gillet Laumont, 
who found it in 1785 in the mine of Huelgoet. Colour snow 
white, sometimes greyish or yellowish white. Massive. Some- 
times crystallized. Primitive form a rectangular octahedron. 
Fracture foliated; surface of the folia streaked, which gives a 
peculiar lustre to the surface of the mineral. Lustre shining, 
pearly. Composed of longish granular distinct concretions. 
Scarcely translucent. Very soft. Sectile. asily frangible. 
Rather light. | 

The mineral, while kept from the external air, preserves a 
certain degree of cohesion; but when exposed it soon splits 
in the direction of the folia, and falls into small pieces. To | 
prevent this it is usually coated over with gum or varnish. 


Sp. 13. Dipyre.| 
Schmelzstein of Werner. 


This mineral has been found at Mauleon in the Pyrenees, 
imbedded either in fascicular masses or in small prisms in a 
rock of steatite. Colour reddish or greyish white. Longitudinal 
fracture foliated, and the folia are parallel to the plane of the » 
regular hexahedron. Lustre, shining, glassy. ‘Transparent. 
Hard; scratches glass. Easily frangible. Specific gravity 
2°630.** Melts and froths before the blow-pipe. Phospho- 
resces slightly on hot coals. 


* Hatiy, Jour. de Min. No. xxviii. 280. 

+ Klaproth, Beitrage, ii. 83. 

+ Tassaert, Haiiy’s Tableau Comparatif, p. 201. 

§ Haiiy, iv. 410. Hoffmann, il. 1. 267. 

|| Brochant, ii. 508. Haiiy, iii. 242. Hoffmann, it, 1.°270- 
** Hay. 
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The constituents of this mineral are as follows: 
| DULLER cee ana td aig tees Sale. ea OO 
IQ AC ee ba ences awe ed 
ATM sod se , , Fgh 10 
Water ae : Nya 2 
TOSS) och ks alginate vit y: ., A 
— 100* 


X. AZURE-STONE FAMILY. 


This family contains three species ; namely, laxulite, hauyne, 
blue spar. 
Sp. 1. Laxulite.+ 


Lapis Lazuli of Mineralogists. - Lasurstein of Werner. 


° 
~ 


This stone, which jg found chiefly in the northern parts of 
Asia, was long known to mineralogists by the name of dapis 
baxul, 6°: 
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Azure-stons ~ 
family. 


Colour azure blue. Some varieties pass into berlin blue, . 
and others into smalt blue. Found massive, disseminated, and - 


in rolled pieces. Lustre glistening. Fracture fine-grained. 
uneven. Slightly tranlucent on the edges’ ‘Scratches class. 


Brittle. Easily frangible. Specific gravity 2:76 to 2:945.+ 
It retains its colour at 100° Wedgewood; in a higher heat 
it intumesces, and melts into a yellowish black mass. With 
acids it effervesces a little; and if previously calcined, forms 
with them a jelly. Margraff published an analysis of lazulite 
in the Berlin Memoirs for 1758. His analysis has since been 
confirmed by Klaproth. Lermina has announced that this 
mineral has been found crystallized in garnet dodecahedrons.§ 


Its constituents, according to the analysis of Klaproth, are 


as follows: 


Sited ss aur : Ai YA Piles 46'0 
pA a 28-0 
Arena ch. Re ae 14°5 
OSidE OF tron.) hae Bary 


Sulphate of lime ........ 6°5 
US ae reo 


100°0|| 


* Vauquelin, Haiiy, iii. 243. 
t Kirwan, i. 283. Haiiy, iii. 145. Brochant, i. 313. Hoffmann, ii. 


- 1. 276. 


} Brisson. § Ann. de Chim. 1. 144, 
|| Beitrage, i. 196. The lime was in the state of carbonate. 
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There is reason to suspect from this analysis that the mine- 
ral is not a chemical compound, or at least that it is mixed 
with foreign matter. 

Sp. 2. Hauyne.* 
Latiahte of Hauy. 

This mineral has been hitherto found only in ‘four places, 
all of which are considered as volcanic; namely, the neigh- 
bourhood of Rome, Naples, Andernach, and Auvergne. It 
was first observed near Rome by Gismondi, who gave it the 
name of latialite. Neergaard afterwards described it and gave 
it the name of hauyne, in honour of the Abbé Hatiy to whom 
mineralogy lies under so many obligations. It was afterwards 
described and analysed by Leopold Gmelin.+ 

Colour prussian blue, passing into beryl blue, through sky 
blue. Imbedded in lava in angular grains. Gmelin found 
one specimen crystallized in an imperf€ct octahedron... Inter- 
nal lustre shining and vitreous. Fracture sometimes foliated 
with 5 cleavages, sometimes imperfect conchoidal. Fragments 
sharp edged. Semitransparent and translucent. Scratches 
glass and even apatite, but softer than felspar. Lasily fran- _ 
gible. Powder whitish. Specific gravity according to Gis- — 
mondi 3°333, according to Neergaard 3°100, according to 
Gmelin 2°833. Before the oe iP ah it melts with difficulty 
into an opaque bead, full of air bubbles. With borax it melts 
into a transparent topaz coloured bead. In muriatic acid it 
becomes opaque and loses its colour. When thrown into that 
acid in the state of powder it emits the odour of sulphuretted 
hydrogen and gelatinizes. Its constituents are as follows: 


{ §. 


MOLURCH co valtsae cy side aarti Lama aan PP rcdhe ot: to eam epics to 
PRA USSTLILE cls cbse Salaulpstel ieee ts ee  Selth Nh OTS Coke bape 
Dime a As ees alse aie ae oi dh 7 De 35 eee 
ul Ghuric Belden aad eat ela hee LO conan 
Oxide of on i.e fe ele aie Ue ges ie se 
BOCAS ic oe 5 baptist oe ae » 15°45 1] 
WVIRLEU ce soe ial Wea nal heeueea ae mI Fo = AR 
Sulphuretted hydrogen and loss . BAG os. Lrace 
TOSS oe tees s chien eee ar a-ha el 


100°00 100°0 


mf Hoffmann, iv. 2. 204. + Annals of Philosophy, iv. 193. 
t Gmelin, Annals of Philosophy, iv. 198. 
§ Vauquelin, Haiiy’s Tableau Comparatif. 


STONES. 


Sp. 3. Blue spar.* 

This mineral occurs in a mountain in Stiria, where it per- 
forms the part of felspar; the rock being composed chiefly of 
quartz and mica. Its colour is azure blue, passing into bluish 
white. Internal lustre glistening, resinous. Jracture splin- 
tery, passing into concealed foliated. Fragments indeterminate, 
not sharp-edged. Translucent on the edges. Streak snow 
white. Semihard. Specific gravity 3:046.t Before the 
blow-pipe it becomes isabella-yellow, and splits, but does not 
melt. With phosphate of soda or borax it gradually melts 
into a transparent glass bead. Its constituents are 

PUM Ay. ce pes CH, 
I OR Ao hgciglos ke oe 


SVETIVOSION ciel cides Sor, 5 
eS Peer ae Te 8 
Iron’ oxide eee ries) 
PPOtag co ye yin'eie ie be Ore 
5s SE 2 ean gP RN Wa oe 


100°00 + 
XI. Feispar FaMity. 
This family contains eighteen species; namely, gehlenite, 
andaluzite, saussurite, chiastolite, indianiie, petalite, felspar, 
ekebergite, gieseckite, spodumene, amblygonite, scapolite, berg- 
mannite, elaolite, sodalite, metonite, nepheline, and tce-spar. 


Sp. 1. Gehlenite.§ 


This mineral has been hitherto found only in the Tirol. It 
occurs in calcareous spar on the south side of a mountain at 
Bezza, two hours’ journey from Pera. It was brought to 
Munich by the mineral dealer, Frischholz, during the course of 
1815, and was described and analysed soon:after by Professor 
Fuchs. 

It occurs usually crystallized in four-sided rectangular 
prisms whose bases are squares; they are generally so low as 
to approach the appearance of cubes. ‘They are entangled in 
each other, and the intervals between them are filled up with 
calcareous spar. They havea triple cleavage, two of which 
can be readily distinguished, but the third with difficulty. 

Fracture sometimes uneven, sometimes fine splintery. Lus- 
tre weakly glimmering, or almost dull; intermediate between 


* Hoffmann, ii. 1. 287. _ + Klaproth. | 
} Klaproth, Beitrage, iv. 279. § Hoffmann, iv. 2. 107. 
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vitreous and resinous. Semihard ‘in a high degree, scratching 
glass; but not striking fire with steel. Translucent on the 
edges or opaque. Feel of the crystals resinous, of the powder 
meagre. LKasily frangible. Brittle. Specific gravity 2:98.* 
Principal colour aE between olive and leek green. 
Sometimes bluish grey or bluish black, or olive green or liver 
brown. Before the blow-pipe it melts with difficulty into a 
yellowish green semitransparent bead. When the flame is 
long continued it becomes black. Its constituents are 


SSUHOH is Gia acti tee 29°64: 
AN Tea tin Sia! gicbsrs Sed, S 24°80 
Ssh Otho d oko Ve ein ee DE eO 
Oxide of iron ...... 6°56 
‘Weater 32S ee 54 BEBO 
99°60T 


Sp. 2. Andaluzite.t 
This mineral was discovered by Bournon in a primitive 
granitic mountain in Forez, and described by him in the 
Journal de Physique of 1789. At first it was considered as a 
variety of corundum or felspar. It has been found in Aber- 
deenshire in Scotland, and near Dublin. 
Colour flesh red, sometimes approaching to rose red. Mas- 


sive, and crystallized in rectangular four-sided prisms. | Frac- 
ture imperfect foliated. Feebly translucent. Scratches 
quartz, and even sometimes spinell. Easily frangible. Spe- 


cific gravity 3°165.§ Infusible by the blow-pipe Myint ad- 


dition. Its constituents are as follows: 
Adumina: Seeeseen SBD ee? GSAS 
Silica). aie hee. eer BQ 1V44 VB4400 
Potash 7h. 2 vei ; Br 2°00 
Oxide of iron’'.3%2% 2; As 3°375 
Oxide of manganese. — .... 0°625 
Diners oe —. 9°125 
Magnesia Lv, ihtiana nei 0°375 
Waterta sie 2% ie Lom 6 1:000 
LOo|]|, — 99°250*# 


* According to Fuchs. I found it 2:9166, and when purified by muriatic 
acid it was reduced to 2:908. 

+ Fuchs, Schweigger’s Jour. xv. 377. I have analysed it with nearly the 
same result. 

{ Kirwan, i. 377. Haiiy,iv. 362. Hoffmann, ii. 1. 291. 

§ Hay. || Vauquelin, Brogniart’s Miner. i. 36. 

*«* Brandes, Annals of Philosophy, xvi.71. Schweigger, xxv. 113. 
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Sp. 8. Saussurite. 


Variolite of Werner.* 
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This mineral was originally described by Saussure in his Chap. If. 
at 


travels under the name of jade. It was confounded with fel- 
spar till Th. de Saussure drew the attention of mineralogists 
to it.t Still more lately it was described and analysed by 
Klaproth.t It occurs most commonly with diallage forming: 
a very beautiful rock, called diallage rock. In this state it is 
found in the peninsula of the Lizard in Cornwall, near Chris- 
tiana in Norway, and in Corsica constituting the well known 
rock called Verde di Corsica. It is common also about the 
lake of Geneva. 

Colours white, grey, and green. It occurs massive and dis- 
seminated. Internal lustre dull or feebly glimmering. Fracture 
sometimes even, sometimes splintery. Fragments sharp edged. 
Faintly translucent on the edges. Very tough. Hard enough 
to scratch quartz. Feel meagre. Sp. gravity from 3°200 to 
3:319. Its constituents are as follows: 


Hot |) ns hae PA AR She ieee BOO alt tay VOD 
yA 12 Sameer meer se GO300.. oa 3) eetO0 
DL GETIRG! bhai oct b sr waatstiya! lanjarys BOO: coves nO OO 
Magnesia 2.00. teste stomrm eles) (32S 
PAE ie tiele is ode eie-s Meh ee G00 yee 6 (4 5750 


ETAL rts «ole ate Colasle OF LOies os 
Oxide of iron ’.....;'... 12°50 .... 6°50 
Oxide of manganese .. 0°05 .... —— 
1 RE RY Al Ag a eee SON. eat Te 


Sp. 4. Chiastolite.** 
Hohlspath of Werner. Macle of Haiiy. 


This singular mineral was first observed in Britanny, and 
near St. Jaques de Compostella in Spain. It is always crys- 
tallized in four-sided prisms nearly rectangular. When we 
view the end of the prism, we perceive in the centre of it a 
blackish prism inclosed in the larger one, which is of a grey- 


* Hoffmann, il. 1. 338. + Jour. de Min. No. cxi. p. 205. 
t Beitrage, iv. 276. 3 

§ Th. de Saussure, Jour. de Min. No. exi. p. 217. 

|| Klaproth, Beitrage, iv, 278. ** Hoffmann, i. 1. 330. 
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Book It. ish, yellowish, or reddish white colour. From each.angle of 


the central prism, a blackish line passes to the corresponding 
angle of the outer prism; and in each of these external angles 
there is commonly a smail prismatic space, filled with the 
same matter as that of which the central prism is composed. 
-This matter is a blackish coloured clay slate, the same as the 
rock in which the hollow spar is found imbedded. 

Fracture foliated. Cleavage double, the folia being paral- 
lel to the lateral planes of the prism. Translucent: but 
opaque, when the crystals are in the state of decomposition. 
Scratches glass when in a fresh state. . Specific gravity 
2°9444.* When rubbed upon sealing wax, it usually com- 
municates negative electricity. Before the blow-pipe it is 
converted into a whitish scoria. The clay slate yields a black 
glass. i 

| Sp. 5. Indianite. 


This mineral has hitherto been observed only in the Car- 
natic where it is associated with hornblende, and contains im- 
bedded crystals of corundum. It was first distinguished as a 
peculiar species by Count Bournon. 

Colours white and grey. Massive. Lustre shining. Frac- 
ture foliated. In granular distinct concretions. Translucent. 
Scratches glass, but is scratched by felspar. Specific gravity 
2°742. Its constituents, according to the analysis of Cheneyix, 
are as follows: | 


Ue acai vi hs, (ilk a oe uae 
ASMA dois bia ta laid eens (STS ~ 
UG jos ek ea aa oid Bal 
Oxide ofiron ...... 36 
Oxide of manganese... Trace 
Loss). 32 ea ah eg 


(estates 


100°'0 
Sp. 6. Petalite. 


This mineral was first detected by D’Andrada, in the mine 
of Utonin Sweden. But the attention of mineralogists was 
first drawn to it by Arvedson’s discovery of lithia as one of its 
constituent parts. We are indebted to Dr. Clarke for a de- 


* Haiiy. + Haiiy, iii. 268. 
} Arvedson, Ann, de‘Chim.-et de Phys. x..82, Clarke, Annals of Phi- 
losophy, xi. 196 and $65. Gmelin, ibid. xv. 941. 
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scription and analysis of it. 
with great care. 

Its colour is snow white; with sometimes a shade of red and 
sometimes of green.. When either of these two last colours 
exists it is an indication that the mineral is impure. It is 
never found crystallized. External lustre shining and pearly. 


Longitudinal fracture foliated, and according to Dr. Clarke’ 


it admits of a two-fold cleavage parallel to the sides of a rhom- 
boidal prism: one of these cleavages is splendent, the other 
dull. Cross fracture compact, like that of quartz. Fragments 
prismatic. Hardness nearly equal to that of felspar. Breaks 
easily in a longitudinal direction ; but not so readily trans- 
versely. Specific gravity 2-421, according to Arvedson. _ 
2°45, according to Dr. Clarke. 
2°4268, according to Dr. Gmelin. 

It refracts singly, at least when an object is seen through a 
plate of it. It does not become electric either by heat or fric- 
tion. Before the blow-pipe it melts about as easily as adula- 
ria, and gives a bead at first whitish; but when completely 
fused it becomes transparent with small air bubbles in its in- 
terior. With borax it dissolves rather better than felspar, and 
forms a transparent and colourless glass. 

According to Hauy the primitive form of the petalite is a 
rhomboidal prism, the proportions between the diagonals of 
which are / 13: / 2. This determines the two opposite 
angles to be 137° 8’ and 42° 52’. 

The constituents of petalite have been found as follows: 


: ' t § 
BR Ss cod rek ovensvecnth iol Geol will. BO 76°5 Te U7, 
TIT Fanaa wns, hoi smatin bc Looe 15 20°5 17°41 
MOB seine aie eagle. D 101 — eee 5°16 
MTs ss sss ss ankiey — — — 0°32 
Oxide of manganese ~— 225. \ de ye 2S — 


Water @eeeee se e@e ee aay 0°75 0:625 Dif, 


102°198 98°25 |100°125 | 99°23 


* Arvedson, Ann. de Chim. et de Phys, x. 94. 
+ Dr. Clarke, Annals of Philosophy, xi. 198. 

} Mr. Holme, ibid. 

§ Gmelin, ibid. xv. 344. 
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Gmelin has likewise analysed it Chap. 1. 
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Sp. 7. Felspar.* 


This is one of the most widely distributed and most abun- 
dant of minerals, forming a constituent of granite, gneiss, and 
many other primitive and transition rocks. It is very fre- 
quently crystallized, and the primitive form of its crystals is 
an irregular parallelopiped, for a description of which I refer 
to Hauy. Occurs usually in rhomboidal prisms, or in six or 
ten-sided prisms, terminated by irregular summits. It gives 
out a peculiar odour when rubbed. Becomes electric by 
friction, but with great difficulty. Fusible per se into a more 
or less transparent glass. When crystallized it decrepitates 
before the blow pipe. It has been divided into four sub- 
species. 

‘Subsp. 1. Adularia. 

This subspecies was first observed by Mr. Pini on the sum- 
mit of Mount St. Gothard, in Switzerland, called Adula; 
hence its name. It has been found also in other places. The. 
variety called moon-stone comes from Ceylon. 

Colour greenish-white, often inclining to asparagus-green. | 
Sometimes has milk-white spots, with a silvery lustre. ound. 
massive, in rolled pieces, and crystallized in oblique four- 
sided prisms, bevelled on both ends: in six-sided prisms; 
and in rectangular four-sided prisms, with oblique terminal 
faces. Crystals streaked longitudinally. External lustre 
splendent, pearly; lustre of the principal fracture splendent; 
of the cross fracture shining, between vitreous and pearly. 
Principal fracture perfect specular splendent, with a double 
rectangular cleavage; cross fracture small imperfect con- 
choidal. Fragments rhomboidal. ‘Tends to thick straight 
lamellar distinct concretions. Transparent and translucent. 
Hard, gives sparks with steel, but softer than quartz. Brittle. 
Kasily frangible. Specific gravity from 2°531 to 2°560.+ 


Subsp. 2. Labrador Felspar. 

This subspecies was first observed on the coast of Labrador 
by Mr. Wolfe, and since that time it has been discovered in 
the northern parts of the old continent. 

Colour smoke-grey, which passes into dark ash and yel-_ 
lowish-grey; in certain positions it reflects a great variety of 


1. 295. 
+ Hoffmann. 


* Kirwan, 1. 316. Haiiy, ii. 590. Brochant, i..361. Hoffmann, ii. 
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colours, as blue, green, yellow, red, brown. Occurs com- chap. 1. 


monly massive and in rolled pieces. Fracture perfect foliated, 
folia crossing at right angles. Lustre of the principal frac- 
ture splendent; of the cross fracture glistening; between 
pearly and vitreous. Usually in granular distinct concretions ; 
sometimes in thick straight lamellar distinct concretions. 
Translucent. Hard; but softer than adularia. Specific 
gravity 2°590* to 2°692.+ 


Subsp. 3. Common Felspar. 


Colours white, red, grey, and green. ‘The varieties of grey 
are smoke and bluish-grey: of white, greyish, milk, yellowish, 
greenish, and reddish-white: of red, flesh, blood, and brick- 
red; of green, asparagus, leek, mountain, and verdigris-green. 
Occurs massive, in rolled pieces, and in grains; also crystal- 
lized in six and four-sided prisms. External lustre shining ; 
lustre of the principal fracture shining; of the cross fracture 
glimmering, vitreous. Fracture more or less perfect foliated ; 
cleavage double, the folia intersecting at right angles; cross 
fracture fine-grained uneven, passing into splintery. Occurs 
in granular distinct concretions. ‘Translucent. Hard; but 
softer than quartz. Brittle. Easily frangible. Specific gra- 
vity from 2°551 { to 2°594.§ 

This. subspecies frequently occurs in a disintegrated state, 
and then approaches porcelain clay; except that the crystalline 
form may sometimes be recognised. Its colour is yellowish or 
reddish-white, sometimes verging on grey. Internal lustre 
between glistening and dull. Fracture sometimes imperfect 
foliated, passing into earthy; sometimes between uneven and 


earthy. Usually opaque. Soft. Easily frangible. 
Subsp. 4. Compact, Felspar. 


-Petrosilex of the older French mineralogists. ‘This mineral 
occurs abundantly in many countries, being a constituent of 
ereen-stone. Colours grey, white, blue, green, and red. The 
varieties of grey are greenish, smoke, and ash-grey ; of green, 
apple, pistachio, mountain-green; of blue, sky and smalt- 
blue; of red, flesh and blood-red.. Occurs massive, in rolled 
pieces, and in crystals, in antique-green porphyry. Internal 
lustre glimmering. Fracture appears splintery, but on exa- 
mination proves to be very small foliated. Sometimes in fine 


* Hoffmann. + Brisson. { Hoffmann. § Brisson. 
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“~~ frangible. 
Specific gravity 2°659.* 


SIMPLE MINERALS. 


Translucent. 


Hard. Easily 
Melts before the blow-pipe without addition. 


The following table exhibits the composition of this species: 


Adularia. 

Ola 
LICH ee eee 64: | 68°5! 
Alumina ...... 20 | 20°5 

ime. genet i 2 a 
Oxide of iron ..... — 1°5 
Oxide of manganese} ive anaes 
Potash . 14 — 
Water othe — mo 
Loss: ). 2RRstee se? ae 9 i 
100 |100° 0 


bere Common. Compact, 

Sr Teese cae Gos a oat 
68:0 | 62°83 | 72°75! 68 ae ey Ore 
15 | 1702) 13 19 | 13:6 
eas 3:00} 95 | 1 O°4 

5 1:00] 1 mn 1"4 
ail se ce wont ee 
145 | 13:00 — | 851 3-19 
a LHES Gog tC SenRT Slee 
2 3-15| 3:50! —1| 6°64 

100-0 |100:00 |100-00 |100:0| 100-00 


The mineral described by Dr. Clarke under the name of 
Leelite, found at Gryphytta in Westmanland, has generally 


been reckoned a variety 


of compact felspar. 


But. it seems 


entitled to a more rigid examination than it has undergone. 
Dr. Clarke found its constituents as follows: 


Silica .... TS 
oeRMmina ea 
Manganese ..... 2°5 
WY ater ies se) OO] 
100:0 §§ 
Sp. 8. Ekebergite. 


This mineral was first described by Ekeberg, 


the name of natrolite. || || 


masses usually associated 
* Saussure. 


§ Klaproth, Beitrage, v. 1 


in 1807, under 


It occurs in the iron-mine of Hes- 
selkulla in Nerike, a province of Sweden, in amorphous 


with quartz. 


Its colour is greenish- 


t+ Vauquelin, Hatiy, ii. 592. 
+ Chenevix, Phil. Trans. 1802, p. 337. 


8. 


** Hedenberg, Afhandlingar, i. 118. 
++ Godon St. Menin, Gehlen’s Jour. Second Series, iii. 544. 


tt Mackenzie, Wernerian 
§§ Annals of Philosophy, 
} || Affhandlingar, ii. 144. 


Memoirs, 1. 618. 
xi. 366. 


|| Vauquelin, Haiiy, ii. 593. 
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grey. Lustre sometimes shining, sometimes glimmering and Chap. M. 


resinous. Sometimes the fideiure is foliated with a two- 
fold cleavage. Sometimes small conchoidal and splintery. 
In some directions it has a radiated appearance, owing to the 
position of the folia. Translucent on the edges. Strikes 
fire with steel and scratches glass. Rather tough! Specific 
gravity 2°746. Before the blow-pipe it melts into a semi- 
transparent glass. With borax it fuses into a transparent 
olive-green glass bead. Its constituents, according to the 
analysis of Ekeberg, are as follows: 


SICH ilil.wd ener hs 


Alumina ieee: FREES 
Tuma & ») knei si dae ». 13°50 
Oxide of iron ... 0°75 
Sing id jae is aoe dy ag 71d BS 
Water PR oe 2°25 
Ma O86 | swodalic shake 3°50 

100°00 


Sp. 9.  Gueseckite. 


This name has been given by Mr. Sowerby to a mineral 
discovered by Mr. Giesecke in Greenland, at Alkullcara- 
- fiarsuk, in the Fiord Igalikko. It has a greenish colour and 
is crystallized in tepnist six-sided prisms. It occurs along 
with crystallized felspar in a hornstone and clay porphyry. I 
have never seen a specimen of it, and cannot therefore give 
its characters. But Stromeyer, who analysed it, says that 
they are very weil marked. Its constituents are 


Silicate iaardls Se ee 46'O798 
A liméttai: oie iat RBS. $3°8280 
Dia ermesteinye.. thie oh A ROT E-Bay 


Protoxide of iron ...... 3°3587 
Oxide of manganese...... 1°1556 
MOAR Gansta. LG) v0 ont KEHOOY. 
Water orloss at ared heat 4°8860 
| (ERS hn Do he! chew & 


100°0000 * 


* Stromeyer, Gilbert’s.Annalen, xiii, 372. 
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Sp. 10. Spodomene.* 
Triphane of Hauy. 


This mineral, which has been found in the mine of Uton 
in Sweden, and in Norway, was first described by D’ Andrada. 
It occurs also in a granite rock near Starzing in the Tyrol. 

Colour greenish-white, sometimes apple-green. Massive. 
Lustre of the principal fracture shining; of the cross frac- 
ture glistening, pearly. Principal fracture foliated: cleavage 
double,. the folia intersecting obliquely; cross fracture fine- 
grained uneven. According to Haty, it yields by mechanical 
division a rhomboidal prism, with angles of 100° and 80°. 
Fragments sometimes in oblique rhombs. ‘The massive va- 
rieties exhibit granular distinct concretions. Translucent. 
Scratches glass, and strikes fire with steel. Very easily fran- 
gible. Specific gravity 3°1923 to 3:218.} When heated in 
a crucible it splits into small plates; many of a golden-yellow 
colour, like some varieties of mica; others are dark-grey: in 
a few days they all lose their lustre, and become dark-grey. tf 
Melts before the blow-pipe into a greyish globule. 

The constituents of this mineral are as follows: 


§. | a ++ iui) §§ 
SEHCG ate ats ais 56°5 ..644 ..63°40 ..67°5 ..63°5 ..66°4 
Alumina |. .: 24°0)...24°4.>..29°40 2.2704 6. 23:5 2096-3 
ares sey HO BO eg! 01755 O68: cae ee 
POxide of 1ron.5°0 2. 2-8 8°00). 18°0 es 0 ea 
Potash ..... — .. 50... — «. — ».. GOO... — 
Lithia ‘.ucwas ee ee ee re 
Water ..... — «- — .. 0°53... 0°53... 2:00 .. O45 


L088 viuienied eOIbwaee TO, Ya BOQ Baier ee eee 


100°0 100°0 100°00 100°00 100°:00 102°45 


* Haiy, iv. 407. Brochant, ii. 528. Hoffmann, ii. 1. $41. 

+ Haiiy and D’Andrada. » = Vauquelin, Haiiy, iv. 408. 
§ Vauquelin, Hay, iv. 409. 

|| Wauquelin, Haty’s Tableau Comparatif, p. 168. 

** VWisinger, Afhandlingar, iii. 293. 

tt Berzelius, ibid. p. 294. 

tt Vogel, Schweigger’s Jour, xxi. 58. 

§§ Arvedson ; Ann. de Chim. et de Phys. x. 95. 


STONES. 
Sp.11. Amblygonite.* 


This mineral, which hitherto has been observed only at 
Chursdorf, near Penig in Saxony, in a granite quarry, where 
it is mixed with green topaz, tourmaline, &c. was first con- 
stituted into a distinct species, and described by Breithaupt, 
in the 4th volume of Hoffmann’s Mineralogy, published at 
Freyberg in 1818.f 

Its colour varies from greenish-white to light mountain 
and celadon green. Externally it is marked with reddish and 
yellowish spots. It occurs massive and crystallized in oblique 
four-sided prisms. Internal lustre shining, vitreous. Prin- 


cipal fracture foliated with a double cleavage, exhibiting a 


four-sided prism with angles of 106° 10’ and 73° 50’. Cross 
fracture uneven. Fragments rhomboidal. Strongly trans- 


lucent. About the hardness of felspar. Brittle. Specific 


gravity from 3°00 to 3:04. 

Mr. Diakon Diirr was the discoverer of this mineral. Jt 
was described by Haberle and Pusch as a variety of Sca- 
polite. 

Sp..12. .Scapolite.t 
Paranthine of Haiy. 


This species is divided into two subspecies, radiated scapolite 
or common scapolite, and foliated scapolite or Wernerite. 


Subsp. 1. adiated Scapolite. 


This mineral was first found near Arendal in Norway, in 
mines of freestone; it occurs likewise in Sweden. Colour 
greyish, yellowish, and greenish-white. Massive; but more 
commonly crystallized in long, thin, oblique, four-sided prisms, 
often acicular. Primitive form, a rectangular prism. Crys- 
tals slightly streaked longitudinally; aggregated into thick 
fasciculi, which are again united together. External lustre 
glistening; internal shining, between resinous and _ pearly. 
Longitudinal fracture imperfect foliated; cross fracture fine- 
grained uneven. ‘Translucent. Scratches glass. Brittle. 
Kasily frangible. Specific gravity from 2°7404§ to 3°708.| 
Before the blow-pipe, froths and melts into a white enamel.** 


* It was named from auéavyovec, obtuse-angled ; alluding to the shape of 
its crystals. 

+ Hoffmann, iv. 2. 159. | 

} Hoffmann, ii. 1. 34.5. § Laugier. . 

|| D’Andrada. I suspect this to be too high. 

** D’Andrada. 
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Subsp. 2... Foliated Scapolite, or Wernerite. 
| Arctizite of Werner. 


This mineral was discovered and described by D’ Andrada, 
who named it after Werner. Hitherto it has been found 
chiefly in Sweden and Norway. Colour greenish-grey; sur- 
face of the crystals between sky-blue and celadon-green. Mas- 
sive, and crystallized in low equiangular eight-sided prisms, 
terminated in flat four-sided pyramids. Internal lustre glis- 
tening, pearly. Fracture foliated. From the appearance of 
the folia, Werner gives the fracture the name of forn-foliated. 
Translucent. Scratches glass, and strikes fire with steel; but 


is scratched by felspar. The powder phosphoresces when 


heated. Before the blow-pipe, froths and melts into an im- 
perfectly white and opaque enamel. 
The constituents of these subspecies are as follows: 


| Radiated scapolite. | Wernerite. 
| 

Peo Et as 
Silica Ue eile dad 61°50 48 | 51:5 40 
Aletta is hee a iste cee | 33 25°75| 30 | 33 34 
Pine) PEs goa ee VPEIHTS 14} 10°45} 16°5 
Magnesia.......+-.006- — 0°75| — a te 
Oxide of 1r0n" we ae 1 50% ea 3°5 8 
Oxide of manganese ....) — 1:50} — | Trace 1°5 
Potash. ..04 6% Mt 05) — el sche 
Soda aeweeeeoeveee eve? 8 1 5 \o omar ee es . ——. 
Water PWN... catiide — 5:0 2g — ees 
BAT Tce Me me Ularenenaee., One 14) 1:0 5 1°58.) .— 

100°0 100:00 {100 1100-00, 100:0 


Sp. 13. Bergmannite.|| — 
Spreustein of Werner. 


This mineral was first described by Schumacher. It occurs 
in a bed at Friedichswarn in Norway. It was made a pecu- 
liar species by Werner in 1811. 


* Laugier, Ann. du Mus. d’Hist. Nat. x. 472. 
+ Hisinger, Afhandlingar, ii. 202. 
} Abilgard, Jour. de Phys. li. 33. 
_ § John, Geblen’s Jour. Second Series, iv. 183. The first specimen was 
white, the second green. 
|| Hoffmann, ii. 2. 303. 


; 
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Colours yellowish-grey, and ash-grey, and muddy flesh-red. Chap. 1. 


Massive. Lustre glistening or glimmering, pearly. Fracture 
fibrous. Fragments angular and not very sharp-edged. 
Opaque. Semihard. Brittle. Specific gravity 2°300.* Melts 
before the blow-pipe without intumescing into a white semi- 
transparent enamel. 
Sp. 14. Elaolite.+ 
— Fettstein of Werner. 


It is found in Norway, in the rock called zircon-syenite. Its 
colours are duck-blue, inclining to green, and flesh-red, with 
a shade of grey or brown. Massive. Lustre shining and re- 
sinous. Fracture in the red variety flat and imperfect con- 
choidal, in the blue imperfect foliated, with a double cleavage. 
Fragments angular and not very sharp-edged. Translucent. 
Scratches glass. Rather easily frangible. Specific gravity 
2°613.{ When pounded and thrown into acids it gelatinizes. 
Before the blow-pipe melts into a milk-white enamel. Its con- 
stituents are as follows: 


silicates five hy 46500 $4400 
Alumina....... Borge See) 84°00 
Pee oe Soe ig ONT OF USOT? 
Potash’. 00d. T8"00! F.2,16°50 
Oxide of iron.... 1°00 .... 4°00 
Water ..... BESO IM 
ss ME BOI TSBOH ae 88 


100:00§ — 100-00|| 
Sp. 15. Sodalite.** 


This mineral was found by Giesecke at Kanerdluersuk, a 
narrow tongue of land in latitude 61°, West Greenland, where 
it occurs in a bed in mica-slate. I first described and analysed 
it, and constituted it a distinct species. Borhowski has detected 
it on Vesuvius. 

Colour between celandine and mountain-green. Massive 
and crystallized in garnet dodecahedrons. Externally it is 
smooth and shining ; internally the longitudinal fracture is vi- 


* Schumacher. + Hoffmann, ii. 1. 181. { Hauy. 

§ Klaproth, Beitrage, v. 178. 

|| Vauquelin ; Haiiy’s Tableau Compar. p. 228. The alkali was a mixture 
of potash and soda, but chiefly soda. 

** Edin. Trans. vi. 390. 
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- Booktt. treous, the cross fracture resinous. Longitudinal fracture fo- 
“~~ liated with a twofold cleavage : cross fracture small conchoidal. 


_ Fragments angular and sharp-edged. ‘Translucent. As hard 
asfelspar. Brittle and easily frangible. Specific gravity 2°378. 
Its constituents are as follows: 


- 


x + t 
Silicate: 38°52 ....36°00... 44°87 
‘Alumifia? te 27 fon toe 00. oe 
rimenis fat » NTO Aa weet. oi oe 
Oxide of'iron. 1°00.... 0°25.... 0°12 
Sodas iwesipa.> 25°50....25°00... .27°50 
Muriatic acid. 3°00.... 6°75..66. — 
Volatile matter 2°10.... — ....°— 
Does ‘iyiuilinedts 1°FOS. Li A. ie i USS 


100:00 ~=100°00 100°00 


Sp. 16. Meionite.§ 


This mineral is found on Somma, among the substances 


ejected by Mount Vesuvius. It was first described by Romé 
de Lisle, and constituted into a peculiar species by Hauy. 
The meionite occurs most usually in crystals, though some- 


times it is observed in irregular grains. The primitive form of 


its crystals is a rectangular prism whose bases are squares. It 
occurs most commonly in an eight-sided prism terminated by 
four-sided pyramids. Sometimes the prism is twelve-sided by 
the truncation of some of its edges. Colour greyish-white. 
Lustre shining, vitreous. Fracture foliated with a two-fold 
cleavage. ‘Transparent. Scratches glass, but not felspar. Spe- 
cific gravity 2°612.|| Melts before the blow-pipe into a white 
spongy glass; but M. Leopold Gmelin was unable to fuse it 
even with an excellent blow-pipe. Its constituents are as fol- 
lows: 


* By my analysis. + Ekeberg. 
t Borkowski, Gilbert’s Annalen, lxiii. 382. 
§ Hoffmann, ii. 1. $61. ) || Mohs. 
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Sp. 17. Nepheline, or Sommite.t 
Nepheline of Hatiy. Hexagonal white schorl of Ferber. White 


hyacinth of Somma. 


This stone was called sommite by Lametherie, from the 
mountain Somma, where it was first found. It is usually mixed 
with volcanic productions. It crystallizes in six-sided prisms, 
sometimes terminated by pyramids, and its primitive form is a 
regular six-sided prism. Colour greyish-white. External lus- 
tre shining, vitreous. Longitudinal fracture foliated; cross 
fracture conchoidal. Translucent. Easily frangible. Cuts 
glass. Specific gravity 2°2741,{ infusible by the blow-pipe. 
According to the analysis of Wauquelin, it is composed of 


Alaina want 0 P85. 49 
Siiey canny) aot. Oe iehaG 
AI EP 2 
Oxide of ifort iveoe yee. 1 
Lessin» se She ke roe 3 
1008 


Sp. 18.  Icespar. || 


This mineral occurs also at Monte Somma near Naples, 
where it is mixed with the two last species, and with mica and 
hornblende. 

Colour greyish-white, inclining satnannie. to yellowish-white, 
sometimes to greenish-white. Often massive. Sometimes crys- 
tallized in thin longish six-sided tables, in which the shorter 


* Leopold Gmelin ; Schweigger’s Jour. xxv. 36.. 
+ Brochant, ii. 522. Haiiy, iii. 186. Hoffmann, ii. 1. 365. 
t Haitiy. § Jour. de Min. No. xxviii. 279. 
|| Hoffmann, ii, 1. 369, 
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Book lit, lateral planes meet under an obtuse angle, and the terminal 


Clay fa- 
amily. | 


planes are bevelled. Crystals small. Lateral planes of the 
prism longitudinally streaked. Lustre shining and vitreous. 
Fracture imperfect foliated. Fragments sharp-edged. Com- 


_ posed of large granular distinct concretions. Strongly trans- 


lucent; crystals transparent. Hard in a low degree. Easily 
frangible. Rather heavy. 


XII. CLAY FAMILY. 


This family contains eight species ; namely, alumstone, porce- 
lain earth, common clay, claystone, adhesive slate, polishing slate, 
tripoli, floalstone. 


Sp. 1. -Alumstone.* 


This mineral occurs at Tolfa, near Rome, where it 1s said 
to constitute a hill. From it the famous Roman alum is made. 

Colour greyish-white, sometimes light yellowish-grey. Mas- 
sive. Lustre dull, and sometimes (scarcely) glimmering. 
Fracture uneven, approaching to fine earthy. | Fragments 
blunt-edged. Rather hard. Does not adhere to the tongue. 
Specific gravity 2°587. | 

The constituents of this mineral are as follows: 


+ iP § 
Sibson! agit +. 1e19400 2.565 «+. 62°25 
Alumina: jis vee oer 43°92. wve'w 1. 9°O chore od Eee 
Protas lay ype gees 5s yes 1d B5DB is AG)- PACD etna nae 


Sulphuric acid ......25°00....16°5....12°50 
Water: cabs sipyew areca oiggod QOa iets p20 teehee 
Lossis suet Fah, cba wien Sadia ats) SO oly aaa as 


ees eee neaes ——s ee 


100°00 100°0 100°00 


* Brochant, i. 381. Woffmann, ii. 2. 78. Klaproth, Gehlen’s Jour. vi. 
85. Gay-Lussac, Ann. de Chim. lv. 266. 

+ Vauquelin, Gehlen’s Jour. vi. 44. 

+ Klaproth, ibid. From these analyses, it appears that the alum-stone of 
Tolfa contains in itself all the constituents of alum. Hence, probably, the 
superiority which the alum obtained from it originally possessed ; especially 
as the mineral does not appear to contain any foreign substance which can 
injure the purity of the alum. For a short sketch of the process followed at 
Tolfa, the reader is referred to Klaproth, Gehlen’s Jour. vi. 37. 

§ From Hungary. Klaproth, Beitrage, iv. 253. 
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Sp. 2. Porcelain Earth.* 
Kaolin of the Chinese. 


This mineral, from the situation which it occupies, is con- Chap. II. 
sidered as analogous to felspar, differing chiefly in the state of rary 
agoregation. Falspar indeed seems sometimes to be converted. 
into it by exposure to the weather. 7 

Colour reddish-white, sometimes inclining to yellowish and 

greyish white. Massive and disseminated. Particles fine dusty. 
Colours strongly. Slightly cohering. eels fine, but meagre. 
Scarcely adheres to the tongue. Specific gravity 2°216.+ Does 
not fuse per se. 

Its constituents are, 


Sites wee wc ee’ Pica AAR iy eds) 
POtraities ete. ow eons ay 
Oxide of iron. ........ 0°33 
POSS eC aie eran: OGL 


100:00¢ 
Sp. 3. Common Clay.§ 


Clay is a mixture of alumina and silica in various propor- 
tions. The alumina is in the state of an impalpable powder ; 
but the silica is almost always in small grains, large enough to 
be distinguished by the eye. Clay, therefore, euneiie the aes 
racter Nad alumina, and not of silica, even when this last ingre- 
dient predominates. _ The particles of silica are already com- 
bined with each other; and they have so strong an affinity for 
each other, that few bodies can separate them; whereas the 
alumina, not being combined, readily displays the characters 
which distinguish it from other bodies. Besides alumina and 
silica, clay often contains carbonate of lime, of magnesia, ba- 
rytes, oxide of iron, &c. And as clay is merely a mechanical 
mixture, the proportion of its ingredients is exceedingly various. 

Werner, for the conveniency of description, has subdivided 
common clay into four subspecies, namely, loam, potters’ clay, 
variegated clay, and slate clay. 


Subsp..1. Loam. 
This may be considered as a very impure potter’s clay, mixed 


* Kirwan, i. 178. Brochant, 1.320. Hauy,ii. 616. Hoffmann, ii. 2. 10. 
+ Karsten. + Rose, Karsten’s Tabellen, p. 37. 
§ Kirwan,1i. 176. Hoffmann, ii. 2. 22. 
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Book 1. with mica and iron ochre. Colour yellowish grey, often spotted 


yellow and brown. Occurs in masses. Lustre dull; some- 
times glimmering, from scales of mica. Fracture in the great, 
uneven; ithe small fine earthy. Fragments very blunt-edged. 
Colours a little. Between loose and cohering. Adheres pretty 
strongly to the tongue. Feels slightly greasy. Not heavy. 


Subsp. 2. Potters’ Clay. 


This mineral, which occurs in great abundance in different 
countries, is used for the various purposes of pottery. Hence 
the name by which it is distinguished. It occurs in large rock | 
masses and in beds. Colours yellowish and greyish white ; 
greenish, bluish, and smoke grey. Fracture im the great, 
coarse-grained uneven ; 77 the small, pretty fine earthy. Frag- 
ments blunt-edged. Opaque. Colours a little. Very soft, 
passing into loose. Adheres strongly to the tongue. Feels a 
little greasy. Specific gravity 2°085.* 

There is a variety of potter’s clay which Werner distin- 
guishes by the name of slaty. Colour dark ash grey. Prin- 
cipal fracture imperfect conchoidal; cross fracture earthy. 
Fragments tabular. Rather light, and feels more greasy than | 
common potter’s clay; in other particulars it agrees with it. 


Subsp. 3. Variegated Clay. 


This mineral is found in Upper Lusatia. Colours white, 
red, and yellow, which appear in stripes and spots, Massive. 
Fracture earthy; sometimes tending to slaty. Lustre in the 
first case dull, in the second glimmering. Lustre of the streak 
shining. Very soft, passing into friable. Feels a little greasy. 
Adheres alittle to the tongue. Sectile. Light. 


Subsp. 4. Slate Clay. 


This mineral occurs frequently along with coal, and in the 
floétz trap formation. Colour smoke, yellowish, and ash grey; . 
greyish black. Massive.’ Lustre dull; sometimes glimmering, 
from particles of mica intermixed. Fracture slaty ; sometimes 
approaches earthy. Fragments tabular. Opaque. Soft. Sec- 
tile. Easily frangible. Specific gravity, according to Kirwan, 
from 2°6 to 2°68. Adheres slightly to the tongue. Softens 
and breaks to pieces in water. 


* Karsten. 
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Sp. 4. Clay-stone.* 


B45 


This mineral occurs in considerable quantities on the top of chap. 1. 


several of the Pentland hills, in the neighbourhood of Edin- 
burgh, and likewise in other parts of Scotland, and in Ger- 
many. ak 

Colours greenish, bluish, ash, smoke, and pearl grey ; brown- 
ish red. Sometimes spotted or striped. Massive. Lustre 
dull. Fracture usually fine earthy; sometimes passing into 
fine grained uneven, into slaty, and into splintery. Fragments 
seldom tabular, not sharp-edged. Opaque. Soft. Easily fran- 
gible. Does not adhere to the tongue. Feels rather meagre. 
Specific gravity 2°210.+ 


Sp. 5. . Adhesive Slate.t 
Klebschiefer of Werner. 


This mineral occurs at Menil Montagne, near Paris, and has 
been by most mineralogists confounded with the next species. 
It is found in beds. Colour light yellowish grey, inclining to 
greenish. Internal lustre dull. Fracture in the large, slaty ; 
in the small, fine earthy. Fragments slaty. Opaque. Lustre 
of streak shining. Sectile. Very soft. Easily frangible. Ex- 
foliates easily. . Adheres strongly to the tongue. Specific gra- 


vity as ascertained by Klaproth, 2080. Absorbs water with, 


avidity, air bubbles separating with a crackling noise. 
Sp. 6. _ Polishing Slate. 


This mineral occurs near pseudo volcanoes, and is supposed. 
‘by Werner to be composed of the ashes of pit-coal, washed. 
down and regularly deposited. Hitherto it has been found 
only in Bohemia. Colour yellowish grey, approaching cream 
yellow and yellowish white. Always striped, and the colours 
alternate in layers. Massive. Lustre dull. Principal fracture 
slaty ; cross fracture earthy. Fragments usually tabular. Very 
soft. Adheres to the tongue. Feels fine, but meagre. Rather 
light. Specific gravity, before it imbibes water, only from 0°590 
to 0°606. After it has imbibed water, its specific gravity be- 
comes from 1:909 to 1°911.8 


* Hoffmann, ii. 2. 60. _ + Karsten. 
¢ Klaproth, ii. 170. Hoffmann, ii. 2. 63. Brochant, i. 376. Haiiy, iv. 449. 
§ Haberle, Gehlen’s Jour. Second Series, ii. 29. 
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Book Ill. 


SIMPLE MINERALS, 
Sp. 7. Tripoli.* 

This mineral occurs in veins and beds along with coal, and 
in floetz trap rocks. Colour yellowish grey, which passes into 
ash grey. Massive. Internal lustre dull. Fracture pretty 
coarse earthy. Fragments blunt-edged. Very soft. Feels 


meagre and rough. Does not adhere to the tongue. Specific 
gravity from 2°080 to 2°529. Used for polishing. 


Sp. 8.» Float-stone.t 


This mineral has hitherto been found only at St. Omer, near 


‘Paris. Colour light yellowish grey, which inclines to yellow- 


ish and greyish white. Occurs tuberose, and is porous. Lustre 
dull. Fracture earthy. Fragments blunt-edged. Very soft. 
Rather brittle. Feels rough, and emits a creaking sound. 
Specific gravity 0°448. 

The following table exhibits the constituents of these differ- 
ent species, as far as they have been hitherto ascertained. 


* Kirwan, i. 202. Brochant,i.379. Hoffmann, ii, 2. 72. 
+ Hoffmann, ii. 2.75. } Karsten, 
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* Simon, Geblen’s Jour. i. 671. t Fourcroy, Ann. de Mus. Nat. i. 43. -t Bucholz, Gehlen’s Jour. iv. 446. 
The result of Bucholz and Simon has been confirmed by Gehlen (Jour. i. 673), and Chenevix (Ann. de Chim. liv. 200). The 
specimen examined by Fourcroy must have contained an unusual proportion of sulphate of lime. 

§ Hassenfratz, Ann. de Chim. xiv. 144. || Vauquelin, Bull. Phil. No. xxvi. ** Rose, Jameson’s Min. i. 298, 

tt Vauquelin, Bull. Phil. No. xxvi. | t{ Klaproth, Beitrage, 11. 171. 

§§ A more accurate analysis by Klaproth, Beitrage, iv, 314. ||| Bucholz, Gehlen’s Jour. Second Series, ii. 37° 

*** Bucholz, ibid. 28. +++ Vauquelin, 
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XTIT. CLAY-SLATE FAMILY. 


This family contains five species, namely, alum-slate, bitu- 
minous-sltate, drawing-slate, whet-slate, clay-slate. 


Sp. 1. Alum-slate.* 


This mineral occurs in beds and strata in the newest clay- 
slate, and in transition mountains. Werner divides it into two 
subspecies, the common and the glossy, distinguished chiefly by 
their lustre. 


Subsp. 1. Common Alum-slate. 


This mineral occurs massive, and sometimes in balls.’ Co- 
lour between greyish and bluish black, falling strongly into 
grey. Internal lustre glimmering. Fracture perfect straight 
slaty. Fragments tabular. Retains its colour in the streak ; 
becomes a little shining. Soft. Not particularly brittle. Easily 
frangible. When exposed to the air, effloresces and acquires 
an aluminous taste. Specific gravity 2°388.+ 


Subsp. 2. Glossy Alum-slate. 


Massive. Colour between bluish and iron black. In the 
rents exhibits colours resembling tempered steel and the pea- 
cock’s tail. Lustre of the principal fracture shining, and semi- 
metallic; of the cross fracture glimmering. Fracture partly 
straight, partly wave slaty. Fragments tabular, often running 
into wedge-shaped. In other respects resembles the former 
subspecies. Specific gravity 2°339.t 


Sp. 2. Bituminous Shale.t 


This mineral, which occurs along with coal, seems to be a 
mixture of clay and bitumen. Massive. Colour brownish 
black. Internal lustre glimmering. Fracture perfect straight 
slaty. Fragments tabular. Colour of streak not altered, but 
lustre shining. Very soft. Rather sectile. Feels greasy. 


Easily frangible. When laid on burning coals, it emits a pale 


flame and burns white. Specific gravity 1°995.+ 
Sp. 3. Drawing-slate, or Black Chalk.§ 


This mineral occurs in the primitive mountains, and is usually 


* Hoffmann, ii. 2. 83. + Kirwan. 
- $ Kirwan, i. 183. Brochant, i. 389. Hoffmann, ii. 2. 88. 
§ Kirwan, i, 112. Brochant, i. 391. Hoffmann, ii. 2,91. 
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accompanied by alum-slate. It is employed in drawing ; hence chap. 1. 


the name. 

Colour greyish black, sometimes Denrodeh ne to bluish black. 
Massive. Lustre of the principal fracture glimmering; of the 
cross fracture dull. Principal fracture slaty ; cross fracture fine 
earthy. Fragments usually tabular. Opaque. Stains paper 
black. Colour of streak unchanged; its lustre glistening. 
Soft. Sectile. Easily frangible. Feels meagre, but fine. 
Specific gravity 2.186. Burns red. Does not fall to pieces in 


water. 


Sp. 4. Whet-slate.* 


Novaculite of Kirwan. 


This mineral is found in Germany, and on the Levant, from 
which it is brought under the name of Turkey hone stone. 

Common colour greenish grey ; but it occurs also mountain, 
asparagus, Olive, and oil green. Massive. Internal lustre glim- 
mering or dull. Fracture in the large, slaty; in the small, 


splintery. [Fragments tabular. ‘Translucent on the edges. 
Semihard. Feels rather greasy. Specific gravity 2°722.+ 


Sp. 5. Clay-slate.t 
Argillaceous schistus—Argillite of Kirwan. 


This mineral is very widely distributed, constituting a part 
both of primitive and transition mountains. Colours yellow- 
ish, bluish, greenish, smoke, ash, and pearl grey; blackish 
green; greyish black; brownish red; sometimes spotted. 
Massive. . Internal lustre varying from shaaitie to glimmering, 


resinous, approaching to pearly. Fracture more or less slaty; 


in some varieties approaching foliated, in others compact. 
Fragments tabular, and likewise splintery. Streak usually 
greyish white. Opaque. Soft. Sectile. Sometimes feels a 
little greasy. asily frangible. Specific gravity from 2°67 to 
288+. 

The following table exhibits the composition ‘of such of the 
preceding species as have been analysed : 


* Kirwan, 1.238. Brochant, 1.393. Hoffmann, ii. 2. 95. 
Kirwan. 
+ Kirwan, i. 234. Brochant, 1.395. Hoffmann, ii. 2. 98. 
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_ Drawing-slate, Clay-slate. 
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XIV. MICA FAMILY. 


This family contains four species; namely, lepidolite, mica, 
pinite, and chlorite. 


Sp. 1. Lepidolite.t 


This stone appears to have been first observed by the Abbé 
Poda, and to have been first described by De Born.§ It oc- 
curs embedded in granite and other primitive rocks in various 
parts of the world, as in Argylshire in Scotland. 

Colour peach blossom red, verging on lilac blue; passes into 
pearl and: yellowish grey. Massive. Internal lustre glisten- 
ing. Fracture in the small foliated, im the great splintery. 
Fragments blunt-edged. Translucent. Sectile. Soft; but the 
crystals scratch glass. Not easily pulverized.|| Specific gra- 
vity from 2°816 to 2°8549.** Powder white with a tint of red. || 
Before the blow-pipe froths and melts easily into a white semi- 
transparent enamel full of cells. Dissolves in borax with ef- 
fervescence, but communicates no colour.|| Effervesces slightly 
with soda, and melts into a mass spotted with red ; with micro- 
cosmic salt into a pearl-coloured globule.t+ ) 

This mineral was first called Jilalite, from the resemblance 


* Wiegleb, Crell’s Annalen, 1797, ii. 487. 

+ Daubuisson, Jameson, i. 442. | 

+ Kirwan, i. 208. Klaproth, Beitrage, i. 279, and ii. 191. Brochant, 1. 
399. Haiiy, iv. 375. Hoffmann, ii. 2. 111. Lelievre, Jour. de Min. No. 
h. 221. 

§ Crell’s Annals, 1791, i1. 196. 

|| Lelievre, Jour. de Min. No. li. 219. ** Klaproth and Hauy. 

++ Klaproth, Ann. de Chim. xxii. 57. 
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of its colour to that of the lily. Klaproth, who ascertained its Chap... 


composition, gave it the name of lepidolite, or scale-stone, from 
its structure. : 
‘The constituents of lepidolite are as follows: 


teh as gies t 
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Sp. 2. Mica.§ 


This stone forms an essential part of many mountains, and 
has been long known under the names of glacies marie and 
Muscovy glass. 1t consists of a great number of thin laminee 
adhering to each other, sometimes of a very large size. Spe- 
cimens have been found in Siberia nearly 24 yards square. || 

It is sometimes crystallized: its primitive form 1s a rectan- 
gular prism, whose bases are rhombs, with angles of 120° and 
60°: its integrant molecule has the same form. Sometimes it 
occurs in rectangular prisms, whose bases also are rectangles, 
~ and sometimes in short six-sided prisms; but it is much more 
frequently in plates or scales of no determinate figure or size.** 

Colours yellowish, ash, and greenish grey ; blackish green ; 
silver white; pinchbeck brown; brownish black. Lustre of 
the crystals splendent. Internal lustre shining; usually pearly 
or resinous; sometimes semimetallic. Fracture perfect foliated, 
with a single cleavage; sometimes radiated. Fragments usually 
tabular. The foliated varieties occur in granular distinct con- 


* Klaproth, Beitrage, 11. 195. 

+ Vauquelin, Jour. de Min. No. xli. p. 235. 

+ Hisinger, Afhandlingar, i11. 294. . | 

§ Kirwan, 1.210. Gmelin, Nov. Com. Petropol. xii. 549. Haity, iii. 208. 
Brochant, i. 402. Hoffmann, i. 2. 115. 

|| Hist. General de Voyages, t. xviii. 272, quoted by Hatiy, Jour. de Min, 
No. xxviii. 299. | 

** Haiiy, Jour. de Min No. xxviii, 296. 
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Transparent when in thin plates. Soft. Sectile. Wery tough. 
The lamellz flexible, and somewhat elastic. Often absorbs 
water. Specific gravity from 2°634 to 2°791.* Feels smooth, 
but not greasy. Powder feels greasy. Milica is fusible by the 
blow-pipe into a white, grey, green, or black enamel ; and this 
last is attracted by the magnet. Spanish wax rubbed by it 
becomes negatively electric. t 
The constituents of mica are as follows: 
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Sp. 3.  Punite. || 


Micarell of Kirwan. 


This mineral was first observed in the mine called Pini, at 
Schneeberg in Saxony; hence its name. Since that time it 
has been found in other places. 

Colour blackish green; but often covered with iron ochre 
on the surface. Almost always crystallized in six-sided prisms, 
having their lateral edges and angles truncated. Surface of 
the crystals smooth. Internal lustre glistening, resinous; lon- 
gitudinal fracture small grained uneven; cross fracture imper- 
fect foliated. Fragments sometimes blunt-edged. Translucent 
on the edges. Soft. Sectile. Easily frangible. Specific gra- 
vity 2:980.** At 153° Wedgewood, melts into a black compact 
glass with areddish surface.{+ Infusible before the blow-pipe. 

Its constituents are as follows: 


* Brisson. 

t Haiiy, Jour. de Min. No. xxviii. p. 295. Bere amy however, found pure 
mica infusible per se. 

t Ibid. 

§ Klaproth, Beitrage, v. 64. The first specimen common mica, the se- 
cond broad leaved mica, the third black mica from Siberia. 

|| Kirwan, 1.212. Brochant, i, 456. Hoffmann, ii. 2. 127. 

** Kirwan. ++ Kirwan, Mineral, i, 212. 
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on Sp. 4. Chlorite. + 


This mineral occurs abundantly in primitive rocks and the 
older veins. Werner has divided it into four subspecies. 


Subsp. 1. Chlorite Earth. 


This mineral is found in different parts of Germany and 
Switzerland, chiefly in clay-slate. Colour between mountain 
and blackish green. Composed of small scales. Lustre glim- 
mering, pearly. Streak mountain green and shining. Adheres 
strongly to the skin. Feels rather greasy. Specific gravity 
1:896.§ It bears a strong resemblance to green earth. 


Subsp. 2. Common Chlorite. 


Found in different parts of Saxony. Colour blackish green. 
Massive. Internal lustre glimmering. Fracture foliated, pass- 
ing into earthy. Fragments blunt-edged. Colour of the streak 


lighter green. Soft. Opaque. Sectile. Feels rather greasy.. 


Easily frangible. Specific gravity 2-822. | 
Subsp. 3. Chlorite Slate. 


Occurs in beds subordinate to clay-slate. Colour blackish 
green. Massive. Internal lustre glistening, resinous. Frac- 
ture curve slaty; those varieties that have the greatest lustre 
pass into scaly foliated. Double cleavage. Fragments slaty. 
Opaque. Streak mountain green. Sectile. Feels rather 
greasy. Specific gravity 2°$22.** 


Subsp. 4. Foliated Chlorite. 


Hitherto found chiefly at St. Gothard in Switzerland, and 
in the island of Jura. Colour between mountain and blackish 


* Klaproth, Berg. Jour. 1796, ii. 229. 

+ Drappier, Jour. de Min. No. c. p. $11. 

} Kirwan, i. 187, Brochant, i. 408. Hoffmann, i. 2. 134. 
§ Breithaupt, Hoffmann, ii, 2. 135, || Widenmann, 
** Karsten. 
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green. Massive; but usually crystallized in six-sided tables; 
cylinders terminated by two cones, and in double cones with 
the bases joined. Surface streaked. External lustre glistening ; 


internal shining, pearly. Fracture foliated. Cleavage simple. 


Fragments tabular. ‘Translucent on the edges or opaque. 
Soft. Sectile. Folia usually flexible. Feels rather greasy. 
Easily frangible. Streak light-coloured. Specific gravity 
pds. 

The following table exhibits the constituents of the preceding 
subspecies, as far as they have been hitherto ascertained. 


Chlorite Common Chlorite Foliated 
earth. chlorite. slate. chlorite. 
T H S | 


Silica @eeoeeovee#8ee8808 8 @ 50 eesoe 26 e@eeee Al‘15 eee#es 35 
Ablutiing ose. biew el Hebi YL P85. Cees ee eee 
TL ameaiuiyie hs veut 15 Sieh mee eee 


Potash |..A8)ao ake 7 Be ie ee 
Muriate of potash .. —— . mei : 
W ater csc tee heen ee eee mo lebes LtS0 palma ae 
LiO88)ig:ise alin tale rausch ve RGU — nc ee SO Beeman OO ane 


OO ATi 
Oxide of fron ei. s panic’, Viki kB. SLO TOD Ca ee 


on Geese ree ase oe eee 


100°0 100°0 100°00 100°0° 


XV. LITHOMARGE FAMILY. 


This family contains seven species, namely, green earth, pi- 


melite, lithomarge, rock soap, yellow earth, cimolite, and colly- 


rite. 


Sp.1. Green Earth.** 


This mineral occurs in balls and crusts in amygdaloid. Co-_ 


lour celadon green; sometimes passing into other varieties. 
Massive and in globular pieces. Internal lustre dull. Frac- 
ture even. Fragments blunt-edged. Lustre of streak glist- 


ening. Very soft. Sectile. Easily frangible. Specific gra-— 
vity 2°598. Used by painters, as the colour is not altered by 


acids. , 
Its constituents are as follows: 


* Karsten. 

+ Vauquelin, Haiiy, iii. 266. Under the potash is included a little muri- 
atic acid. ; 

{ Vauquelin, ibid. p. 264. § Heepner, Crell’s Annals, 1790,1. 56. 

|| Lampadius, Handbuch. ** Kirwan, i. 196. Brochant, i, 445. 
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Green earth. 

2 43 
MITER ete. wa atk BSk Pus els 
MS ruesInRY ook 2... pag 
Oxide of iron.... 28 .... 20°5 
Bataate eo EO ae TR 
Bee CLO Niet ii hon t. Ginyu 08 
IRS Oho sPoec8y yds seu bo cute Quin A 


100 100°0 


Sp. 2. Pimelite. 


This mineral which accompanies chrysophrase was first con-- 


stituted into a distinct species by Karsten, who divides it into 
two subspecies,t the friable and the indurated. His descrip- 
tion of these is as follows: 


Subsp. 1. Friable Pimelite. 


Colour siskin green. Massive. Dull. Fracture earthy. . 


Fragments blunt-edged. Very soft, passing into friable. Feels 
somewhat heavy. Its constituents are 


Silo eae ove care 35°00 
Water ..... a tre ~ 38°13 
Ad uninas ts oles esa) 5°00 
Magnesia.......... 1°25 
LAMe a bia SS De tea is 0°42 
Oxide of nickel .... 15°62 
Oxide of iron ...... 4°58 

100:00§ 


Subsp. 2. Indurated pimelite. 


Colour apple green. Partly earthy, partly in crusts. In- 
ternal lustre feebly glimmering. Fracture even. Fragments 


rather sharp-edged. Soft. Feels very greasy. Infusible be- 


fore the blow-pipe, but loses part of its weight. 


Sp. 5. Lithomarge.|| 


This mineral is found in veins, cavities, and beds, in various 


* Green earth of Verona. Klaproth, Beitrage, iv. 239. 

+ From Cyprus, Klaproth, ibid. p. 242. 

¢ Tabellen, p. 88. § Klaproth’s Beitrage, ii. 139. 

| Kirwan, i,187, Brochant, i. 447, Hoffmann, ii. 2, 200. 
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Book 1. kinds of rocks, and is far from uncommon. Werner divides 
~~" it into two subspecies. 


Subsp. 1. Friable Lithomarge. 


Colours snow, yellowish, and reddish-white. Massive. Lus- 
tre scarce glimmering. Generally coherent, sometimes loose ; 
composed of fine scaly particles. Feels greasy. Adheres to 
ihe tongue. Phosphoresces in the dark. Soils slightly. Light. 
Its constituents are as follows: 


Silas cicote wai Ay sts a 
Alona “oS\22* ao. 26'5 
Oxide of iron ...... 21°0 
Common salt......-- 15 
Wi ater. do. Yuinintalcies 170 
LOSS 4 Gasshets snail 2:0 
100:0* 


Subsp. 2. Indurated Lithomarge. 


Colours snow, yellowish, and reddish-white ; pearl-grey ; 
plum and lavender blue; flesh-red, and ochre-yellow. ‘The 
white and red varieties have only one colour ; the others spotted 
and clouded. Massive. ‘Internal lustre dull. Fracture large 
conchoidal. Lustre of streak shining. Very soft.  Sectile. 
Easily frangible. Adheres strongly to the tongue. Feels 
greasy. Specific gravity 2°435.+ 


Sp. 4. Rock-soap.t 


This mineral has been hitherto found chiefly at Olkuzk in 
Poland, and always imbedded in rocks belonging to the floetz 
trap formation. © 

Colour pitch or brownish-black. Massive. Lustre dull. 
fracture fine earthy. Fragments blunt-edged. Opaque. Does 
not soil. Writes well. Lustre of streak shining, resinous. 
Very soft. Sectile. Easily frangible. Adheres strongly to 
the tongue. Rather light. 


Sp. 5. Yellow Earth. | 


This mineral occurs in Upper Lusatia, along with iron-stone 


* Klaproth, Beitrage, iv. 349. + Breithaupt; Hoffmann, ii. 2. 203. 
+ Brochant, i. 453. Hoffmann, ii. 2. 206. Bucholz, Gehlen’s Jour. iil. 
597. ; 


} Kirwan, 1.294. Brochant, i, 455. Hoffmann, it. 2. 210. 
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in the floétz clay formation. Colour ochre-yellow. Massive. chap. 1. 


Lustre of the principal fracture glimmering; of the cross_ 


fracture dull; of the streak shining. Principal fracture more 
or less perfect slaty; cross fracture earthy. Fragments partly 
indeterminate and blunt-edged, partly tabular. Soils. Writes. 
Very soft. Adheres strongly to the tongue. Feels a little 
greasy. Specific gravity 2°240.* Used as a pigment. 

Sp. 6. Cimolite.+ 


Found by Hawkins in the Isle of Argentiers in the Archi- 
pelago, where itis used for whitening stuffs. It was mentioned 
by Pliny under the name of cimolia. Colour pearl-grey: when. 
exposed to the air becomes reddish. Texture earthy. Frac- 
ture uneven. Opaque. Does not stain. Adheres strongly to 
the tongue. Soft. Difficultly broken. Specific gravity 2-000. 
Becomes white before the blow-pipe. Its constituents are as 
follows : 


BOA S Ha liv cle a »+. 63°00 
Alumina ..... oa 23:00 
Oxide of iron ...... 1°25 
TV BLET . ociin we we sie at Leo 


Pe iedane davilesk wide hth 1 o 


100-00 
Sp. 7. Collyrite. 

This mineral occurs in the Stephen’s pit at Schemnitz, in 
Hungary, where it forms a vein four or five inches wide in 
sandstone. 

It is snow-white, often with a shade of grey, red, or yellow. 
Massive. Lustre dull, except the reddish-white variety, which 
is feebly glimmering. Fracture fine earthy, and even. Frag- 
ments indeterminate, and sharp-edged. ‘Translucent on the 
edges. Streak shining and resinous. Soils slightly. Very 


‘soft. Brittle, and very easily frangible. Adheres strongly to 


thetongue. Light. Its constituents are as follows: 


BOLL DES,’ tein seas APs anne cancel le 
Alumina’: .. ssw akouneto 


Water ...... ourege face's 42 
101§ 
* Breithaupt, Hoffmann, ii. 2. 211. | . 
+ Brochant, i. 329. Klaproth, 1. 477. { Klaproth Beitrage, i. 299. 
§ Ibid. 257. | 
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XVI. _SOAPSTONE FAMILY. 


This family contains seven species, namely, native magnesia, 
meerschaum, bole, lemnian earth, fuller’s-earth, steatite, agal- 
matolite. . 

Sp.1. Native Magnesia. 


This mineral, which has been found in small veins in ser- 
pentine at Hoboken, in New Jersey, was discovered and de- 


scribed by Dr. Bruce, Professor of Mineralogy, in New York.* 


‘It is a hydrate of magnesia. 


~ Colour snow-white, passing into greenish-white. Massive. 
Lustre pearly. Fracture foliated or radiated. Semitranspa- 
rent in the mass: the single folia are transparent. Soft, and 
somewhat elastic. Adheres slightly to the tongue. Specific gra- 
vity, 2°13. . Soluble in acids. Its constituents are as follows : 


Magnesia .... esse eres “vhtO 
Water et ee 6's 6 6 6 6 eS) 8) 0 R78 ,08 30 


100 


Supposing it a compound of 1 atom magnesia, and 1 atom 
water, its composition would be 7 


Magnesia....e+.-eeeee- 68°94 
Waler’ dv as:nieks spinienine s 2 (24308 


100-00 
Sp.2. Meerschaum.t 
Kiffekill— Sea-froth. 


This mineral is dug up near Konie in Natolia, and is em- 
ployed in forming the bowls of Turkish tobacco-pipes. ‘The 
sale of it supports a monastery of dervises established near the 
place where it is dug. It is found in a large fissure, six feet 
wide, in grey calcareous earth. The workmen assert that it 
grows again in the fissure,{ and puffs itself up like froth.§ 
This mineral, when fresh dug, is of the consistence of wax. 
When thrown on the fire it sweats, emits a fetid vapour, be- 
comes hard and perfectly white. 


* Bruce’s Journal, i. 26. 
4+ Kirwan’s Min. i. 144. Brochant, i.462. Hoffmann, li. 2. 220. 
t Reignegg, Phil. Mag. 111. 165. 


+> § Hence the name kiff-Ail/, or rather keff-kelli, “ clay-frotb,” or “ light 


clay.” 
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Colour yellowish-white; rarely snow-white. Massive. In= ¢hap. 1. 


‘ternal lustre dull; of the streak shining. Fracture fine earthy, 
passing into flat aabintaelt Prasmonts pretty sharp-edged. 
Opaque. Soft. Sectile. Not very easily frangible. Feels a 
little greasy. Specific gravity 1-600.* Its constituents are as 
follows : 

PMMEAL betes ons OUT sree wae 

Magnesia ~'......° 17°25 005 18°25 

MME Denese 4-2 OCF MEER OS 

Carbonic acid.... . 5 eee 

Water 8570, ..... 25 Rowe kL. 29 

TAOES 0 ea yh wines 175 Opa, 1725 


100-00 100°00+ 
Sp. 3. Bole.t | 


This mineral occurs chiefly in the Isle of Lemnos, at Sienna 
in Italy, and in Silesia. 

Massive. Jracture pertect adhchaidab Internal lustre 
glimmering; of streak shining. ‘Translucent and opaque. 
Soft. Sectile. Specific gravity from 1:4 to 2. Acquires a 
polish by friction. Adheres to the tongue. Feels greasy. Co- 
lour cream-yellow, passing into brown and flesh-red ; some= 
times spotted brown and black. When dry and put into water, 
it breaks with a crackling noise. Specific gravity 2°051.§ Its 
constituents are as follows: 


MC es ee cr mates hehe. 
PAPIUITININEL TY Vo os avatars 8 ree Sage 
Cyeice. of 1fOR) sc ee ne as 5°4 
Carbonate of lime ...... 54 


Carbonate of magnesia .. 6°2 
Water eeseeeeeee*eesrrteeeeee 17°0 


100°0 || 
Sp. 4. Lemmnian Earth.** : 
Sphragid of Karsten. 
This mineral has been hitherto found only in the Island 


* Klaproth. + Klaproth, Beitrage, 11, 174. 

+ Kirwan, i. 191. Brochant, 1.459. Hoffmann, ii. 2. 226. 

§ Breithaupt ; Hoffmann, il. 2. 227. 

{| Bergman, Opusc. iv. 157. The specimen was from Lemnos. 
** Hoffmann, li, 2. 229. 
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Specimens 
of it were brought to Klaproth, by Hawkins, who analysed it, 
and described its properties. 7 

Colours, yellowish-grey, and yellowish white ; often marbled 
on the surface with rust like spots. Dull. Fracture fine 
earthy. Perfectly meagre to the feel. Adheres slightly to the 
tongue. When immersed in water it falls to pieces, and nume- 
rous air bubblesare evolved. Its constituents are as follows: 


Silica’ (22a S 2. 66°00 
Alumina 14°50 
Magnesia ... O25 


Eume ere? Oren 


Soda Giver. 6. 3°50 
Oxide of iron.. 6°00 
Water iin. ea. 8°50 
TOES i, hehe ated 1:00 
100°00 * ~ 
Sp. 5. Fuller’s Earth. + 


This mineral occurs in greatest perfection in the south of 
England: it is found alsoin Upper Saxony. 

Colour greenish white, greenish grey, olive and oil green. 
Sometimes spotted. Massive. Internal lustre dull; of the 
streak shining. Fracture uneven; sometimes large conchoi- 
dal, sometimes splintery. Fragments indeterminate, blunt 
edged; also slaty. Usually opaque. Very soft. Sectile. 
Scarcely adheres to the tongue. Feels greasy. Sp. gr. 1°819. ¢ 
Falls to pieces in water. Melts into a brown spongy scoria. 
Its constituents are as follows: 


Siligad 5 208s bSEOW atin ABS 
Alumina...... L004 ae eudioce 
Toe) ere 0°5 _— 
Magnesia sie 5 Re UN Say 


Oxide of iron 


Loss 


* Klaproth, Beitrage, iv. 333. 


oO ge Sica s oe 
Common salt .. 


Water 2c ue 4 


Ovl @eee os 
24 25°5 
ee Faw es a O 


100:00 100°0 § 


+ Kirwan,i. 184. Brochant, i.464. Hoffmann, ii. 2, 230. 


t Hoffmann. 
§ Klaproth, Beitrage, iv. 334. 
in Surrey, the second from Nimptch 


The first specimen, was from. Ryegate 
in Silesia. 
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Sp. 6. Steatite. * 


Though this mineral was noticed by the ancients, little at- 
tention was paid to it by mineralogists, till Mr. Pott published 
his experiments on it in the Berlin Memoirs for 1747. 

It is usually amorphous, but sometimes it is crystallized in 
six-sided prisms. Colour greyish, ereenish, yellowish, and 
‘yeddish white. Sometimes spotted. Lateral planes of the 
crystals transversely streaked. Internal lustre dull or glim- 
_mering; of the streak shining. Fracture coarse splintery ; 
sometimes uneven, conchoidal, and even tending to coarse 
fibrous. Fragments blunt-edged. Translucent on the edges. 
Soft. Sectile. Easily frangible. Does not adhere to the 
tongue. Feels greasy. Specific gravity 2°614. + Before the 
blow-pipe loses its colour and hardens, but does not melt. Its 
constituents are as follows: 


Silica 15..59°5 ..-. 45°0 SRE BPRS ease Gt bea B99 
Magnesia . .30°5 Oe OAT Es. an ene es 24 . 30°15 
SD ie) Bas aos Ne i ea a 
ee ee ey a wy Ores oF Sere 
Oxideofiron 2°5.... 1 ite ee a ea Be 
Bre treoppet (en ea ene a as 0°58 
Rea eee ee ORE s whee seu ho wis 8 oT 


Water 2. BS. YOU'S. 6 Moke: (Onin e B68 
Wises. ee ee le DZS PS B75 wee ewes = °50 


ees ST ee ae all 


100°0 100:00¢ 100°00 100§  100°00 || 


Sp. 7. Agalmatolite, Bildstein, or Figure-stone. ** 


This mineral, which was originally classed with steatite, is 
brought from China, and is always cut into various figures ; 


* Kirwan, i.151. Pott. Mem. Berlin, 1747, p. o7- Wiegleb. Jour. de 
Phys. xxix. 60. Lavoisier, Mem. Par. 1778, p. 483. Brochant, 1. 474. 
Hoffman, ii. 2. 236. 

+ Brisson. 

{ Klaproth, Beitrage, 11. 179. The ‘first specimen from Baireuth, the se- 
cond from Cornwall analysed in Beitrage, v. 24. 

§ Vauquelin, Ann. de Chim. 49, 83. The first specimen was the variety 
called Craie de Briancon. 

|| Bucholz and Brandes, Schweigger’s Jour. xx. 277. The specimen was 
from Baireuth similar to the first specimen analysed by Klaproth. 

_, ** Hoffman, ii. 2. 244. Klaproth, Beitrage, ii. 184. Vauquelin, Ann, de 
Chim. xlix. 77, ~ 
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Bet tt. hence the name. The atéention of mineralogists was first 
drawn to it by the analysis of Klaproth. 

Colour greenish grey, yellowish grey, yellowish brown; 
some varieties appear to be of a flesh red colour, and some are 
spotted. Massive. Internal lustre scarce glimmering. Frac- 
ture perfect splintery. Has a tendency to the slaty. Frag- 
ments sometimes indeterminate angular, pretty sharp-edged ; 
sometimes slaty. Translucent. Soft, and very soft. Sectile. 
Feels rather greasy. Specific gravity from 2°785 to 2°815.* 


Its constituents are as follows: 
; BSS en ae MS OPP ET Mad tpi A eee Se PR 


i ee Be § § I I 
SiNfa wee keen earn ae tes | 62 56 | 54°95 | 55 55 51°5 
Alumina..... Basia cies Oat shee eae 24 29 | 34 33 30 32°5 
LAUR U ante peace cen 0S: —_ ] 3 — — 175} 3:0 
Oxide of iron............. O75) 0°5 1 0°75! O05 1 1-75 
Oxide of Manganese...... re — | hee —\ |} Tracesj 7s? 
PNAS) vaiths Sloe Uee — — ff 6°25; 7 6°25; 6 
NYGROE TIO 2. 03. seh enc ak 5:51 10 5 4 S 55 513 
PPM alata 5's5 ci’ass ous aol ee 3°75) 2:5.) — 0°5 15} 05 — 
100- 0} 100- [100 [100-0 100 100°0 101-08 


XVII. TALC FAMILY. 


“tatcfamily,  Lhis family contains six species, namely, nephrite, serpentine, 
potstone, talc, nacrite, and asbestus. 
Sp. 1. Nephrite.** 
Jade. ) 
This stone was formerly called lapis nephriticus, and was 
much celebrated for its medical virtues. It is found in Egypt, 
China, America, and in the Siberian and Hungarian moun- 
tains: It is sometimes adhering to rocks, and sometimes in 
detached round pieces. Werner divides it into two subspecies, 
common nephrite and axe.stone. 


Subsp. 1. Common. 


Colour leek green ; sometimes greenish white. Massive and 
in rolled pieces. Lustre usually dull; sometimes glimmering 


* Kilaproth. + Klaproth, Beitrage, 1. 187. 

} Vauquelin, Ann. de Chim. xlix. 83. 

§ Klaproth, Beitrage, v.21. The first from China, the second from 
Nagyag. 

| John, Annals of Philosophy, iv. 214. 

** Kirwan, 1.171. Bartoiin, De Lapide Nephritico. Lehmann, Nov. 
‘Comm. Petropol. x. 381. Hepfner, Hist. Nat. de la Suisse, i. 251. Brochant, 
1.467. Hoffman, ii. 2. 248. 
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and Silver white, from particles of talc and asbestus. Fracture chap. 1. - 
coarse splintery ; splinters greenish white. Fragments not re- 
markably sharp-edged. Translucent. Hard. Rather tough. 

Feels a little greasy. Somewhat brittle. Specific gravity 

from 2°966 to 3:071.* Takes a good polish, but has a muddy 

aspect ; cut into handles for knives, &c, 


Subsp. 2. Axe-stone. 

Colour between mountain and leek green. Massive. In- 
ternal lustre glimmering, Fracture in the great, slaty ; in the 
small, splintery, Fragments tabular. Translucent. Hard. 
Not very brittle. Rather tough. Sp. er. 2:°932.+ Made 
into hatchets, &c. by the natives of New Zealand. The con- 
stituents of nephrite are as follows: 


par UD ts onus SO Sy Pa 50°5 
MAGTICBIBAS 0. 0s sae +s 31°0 
Plana a Lise dae 10:0 
Oxide of iron ...... 5°5 
Oxide of chromium.. 0°05 
RV BLK ieee. boon tale a es 
PSS itor ky eet utay | nde 0-2 
100-00 t 


Sp. 2. Serpentine. § 

This stone is found in amorphous masses, forming strata, 
and even entire rocks. It occurs in great abundance in 
many countries, particularly at Zobiltz in Upper Saxony, and 
at Portsoy in Scotland, where it is known by the name of 
Portsoy marble. Werner divides it into two subspecies, the 
common and the precious. 


Subsp. 1. Common Serpentine. 


Colours various shades of green, yellow, and red. Several 
colours usually occur together in stripes, dots, and clouds. 
Massive. Internal lustre dull. Fracture sometimes splin- 
tery, sometimes large flat conchoidal; and also small-grained 
uneven, passing into even. ‘Translucent on the edges. Soft, 


* Saussure, Gehlen’s Jour. Second Series, 11. 453. 
+ Breithaupt, Hoffman, ii. 2. 249. 
+ Kastner, Gehlen’s Jour. Second Series, ii. 459. 
-§ Kirwan, i. 156. Margraff, Mem. Berlin, 1759, p.3... Bayen, Jour. 
de Phys. xiii. 46. Mayer, Crell’s Annals, 1789, ii.416. Brochant, i. 481. 
Hoffmann, ii. 2. 255. 
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Book ut. scratched by calcareous spar. Passing into sectile. Rather 


tough. Feels a little greasy. Specific gravity from 2°574.* 
to 2°604.+ Does not melt before the. blow-pipe. 


Subsp. 2. Precious Serpentine. 


Colour dark leek green, passing into blackish green. Mas- 
sive. Internal lustre glistening; sometimes glimmering, resi- 
nous. Fracture conchoidal; sometimes splintery. Fragments 
in the conchoidal variety very sharp edged: in the splintery 
less so. Translucent. Feels rather greasy. Soft. Specific 
gravity from 2'561 to 2°704.t Its constituents are as foilows. 
The two first analyses are of common, the two last of precious 
serpentine. 


Siliea ose. ce eee se BE tee LOO oe Sar Oe ome 


Magnesia ....5..: BAe PTO a6 Cees 
Tame. cc nc cece ceca en a LOU ie eee 
ATUMING bhai eels te Ore ae hy Oe aies 
Oxide of chromium 2 .. — «2 — «. = 
Oxide of iro: Oe Sea ot (5 i caeeeee 
Oxide of matigahese* \}:5* 40 see) OT ae ars 
Volatile matter .... — .. 14°16 .. 15'°2 .. 12°45 
TRB es Bo a stenateee me OR FO aa 


100°8 § 100:00 |] 100°0** 100°60 4+ 
Sp. 3. Pot-stone.t{ 


This mineral is found in beds at Como, in'the country of 
the Grisons. It is said also to have been discovered in other 
places. 

Colour greenish grey. Massive. Internal lustre glistening, 
pearly. Fracture sometimes curve-foliated, sometimes imper- 
fect slaty. Fragments tabular. The foliated shows imperfect 
eranular distinct concretions. ‘Translucent on the edges. 
Very soft. Sectile. Feels greasy. Sp. gr. 2°622.8§ Rather 
tough. Very refractory, and therefore used for lining fur- 
naces. May be easily turned into culinary utensils; hence 
the name. 


* Kirwan. + Breithaupt. { Breithaupt. 

§ Vauquelin. From Liguria. || Hisinger Afhandlingar, iii. 303. 
** John, Magazin, Naturf; Freund, 4 Jahrg. 2 Quart, p. 114. 

++ Hisinger, Afhandlingar, iv. 341. 

tt Kirwan,i. 155. Brochant, i, 405. Hoffman, un. 2.131. 

§§ Werner. 
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Sp. 4. Talc.* 


This stone has some resemblance to mica, but is easily dis- 
tinguished from it. It occurs sometimes loose, and sometimes 
in an indurated form. It is divided into two sub-species. 


Subsp. 1. Common Tale; Venetian Talc. 


Occurs imbedded in serpentine. Colour: apple green; 
greenish and silver white; asparagus green. Massive and in 
very fine delicate tabular crystals. Lustre splendent; inter- 
naily pearly or semimetallic. Fracture straight and curved 
foliated. Fragments wedge-shaped; seldom splintery. Cleay- 
age single. ‘Translucent, in thin leaves transparent. Some- 
times in granular distinct concretions. Leaves flexible, but 
not elastic. Very soft. Sectile. Feels very greasy. Specific 
gravity from 2°7 to 2°8.¢ Infusible before the blow-pipe 
without addition. By this property it is distinguished from 
chlorite. 


—Subsp. 2. Indurated Talc. 


Occurs, like the preceding, in primitive mountains. Colour 
greenish grey. Massive. Lustre shining pearly. Iracture 
between imperfect foliated and curve slaty. . Fragments slaty. 
Translucent, at least on the edges. Soft. Sectile. Easily 
frangible. Feels rather greasy. Has a strong resemblance 
to pot-stone. Specific gravity 2°793.[ ‘The constituents of 
this mineral are as follows: 
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Sp. 5. Nacrite. Talcite of Kirwan. 


This mineral occurs in cavities of primitive rocks. It was 
constituted a particular species by Brogniart. 


* Kirwan, i. 150. Pott, Mem. Berl. 1746. p. 65.  Haiiy, ii. 252. 
Brochant, i. 486. Hoffmann, ii. 2. 267. . 

+ Kirwan. I Breithaupt. § Vauquelin, Ann.de Chim. xlix. 77. 

I) Klaproth, Beitrage, v.63. The specimen was from St. Gothard. 
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Book. Colours cream yellow, greenish white, and greenish grey. 

“~— It consists of scaly parts which are more or less compacted. 
Strongly glimmering and pearly inclinimg to resinous. Friable. 
Feels rather greasy. Soils. Gives out a clayey smell when 
breathed upon. Light. Its constituents, according to the 
analysis of John, are as follows: 


Silibaoed igs SHR, AVGO720 
WA luniing hoi PO is 1.838083 
Oxide of tron’) 2s 044 8H S355 


Water G0 ba cet Ad . 5°00 
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100°00 * 


Sp. 6. Asbestus. t 
This mineral was well known to the ancients. ‘They even 
made a kind of cloth from one of the varieties, which was 
famous among them for its incombustibility. It is found in 
primitive mountains, especially in serpentine, which it traverses 
in veins.. Werner divides it into four subspecies. 


Subsp. 1. Elastic Asbestus, or Rock-cork. 

Colours yellowish grey ;. yellowish and greyish white; pale 
ash grey; yellowish brown and cream yellow. Sometimes 
shows ochre yellow spots. Massive and in plates. Lustre 
dull; of streak shining. Fracture very fine promiscuous 
fibrous, which on a slight inspection appears finegrained un- 
even. Opaque, or translucent on the edges.. Very soft;.re- 
ceives an impression from the nail. Sectile. Flexible and 
elastic. Very tough. Cracks when handled. Feels meagre. 
Specific gravity from 0°993 to 0°680.t Melts with great dif- 
ficulty before the blow-pipe. 

Subsp. 2. Amianthus. 

Colours greenish white; greenish grey; olive green ; some- 
times blood red. Massive, and in plates, and in capillary 
crystals. Internal lustre glistening; sometimes splendent, 
pearly. Fracture very delicate, parallel fibrous. Fragments 


* Ann. de Chim. Ixvil. 264. 

+ Kirwan, i. 159.- Bergman, iv. 160. Plot, Phil. Trans. xv. 1051. 
Webel, Jour. de Phys. ii. 62. Ibid. 11. 367. Hatiy, 11. 245. Brochant, 
1.492, Hoffman, ii. 2. 277. : 

t Brisson. 
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thin splintery. Translucent on the edges. Very soft. Sectile. Chap. 1 
Flexible and somewhat elastic. Splits easily. ‘Tough. Spe- 

cific gravity from 0°9888 to 2:3134.* Melts with difficulty 

before the blow-pipe. 


Subsp. 3. Common Asbestus. 


Colours dark leek and mountain green; greenish grey. © 
Massive and in capillary crystals. Internal lustre glistening, 
pearly. Fracture parallel radiated, and parallel curved fibrous. 
Fragments splintery. Translucent on the edges. Soft. ‘Tough. 
Not flexible. Feels rather greasy. Specific gravity 2°547. 
to 2°594.{ Melts with difficulty into a greyish black scoria. 


Subsp. 4. Ligniform Asbestus or Rock-Wood. 


Colour wood brown. Massive and. in plates. Internal 
lustre glimmering. Fracture in the great curve-foliated; in 
the small promiscuous fibrous. Fragments slaty. Soft. Sec- 
tile. Tough. Somewhat flexible and elastic. Feels meagre. 
Specific gravity 1°534. 

The following table exhibits the constituents of the preced- 
ing subspecies, as far as they have been analysed: 
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* Brisson. + Kirwan. { Breithaupt. 

§ Bergman, iv. 169 and 170. The lime and magnesia were in the state 
of carbonates. 

|| Bergman, ibid. p. 161, 164, and 168. The magnesia and lime were.in 
the state of carbonates. First specimen from Svartvik in Dalecarlia; se- 
cond from Tarentaise ; third from Corias in Asturias. 

%® Chenevix, Ann. de Chim. xxviii. 201. 

tt Bergman, iv. 170, From Grenge in Dalecarlia. 
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SIMPLE MINERALS. 


XVIII. HORNBLENDE FAMILY. 


This family contains nine different species; namely, horn- 
blende, caranthine, calamite, actinolite, tremolite, cyanite, rheti- 
zite, diallage, and hypersiene. 


Sp. 1. Hornbiende.* 
Amphibole of Hauy. 


This mineral enters into the composition of many mountains. 
It is often amorphous, but frequently also crystallized. ‘The 
primitive form of its crystals is a rhomboidal prism, the faces 
of which are inclined at angles of 124° 34” and 55° 26’, and 
whose bases have angles of 122° 56’ and 57° 4’. The most 
common variety is a six-sided prism, terminated by trihedral 
or tetrahedral summits. This species is divided into three 
subspecies. 


Subsp. 1. Common Hornblende. 


This mineral forms one of the constituents of the rocks 
called syenite and green stone. Colour greenish black, some- 
times approaching to grey and velvet black; sometimes to 
greenish grey. Massive, and sometimes crystallized in prisms 
which intersect each other, so that it is difficult to determine 
their figure. Internal lustre shining pearly. Fracture usually 
foliated, sometimes radiated. Surface of the fracture streaked 
longitudinally. Cleavage of the foliated varieties double. 
Fragments usually indeterminate; sometimes approach the 
rhomboidal. In granular distinct concretions. Black varie- 
ties opaque, green translucent on the edges. Streak mountain 
green. Semihard. Tough. Specific gravity 3-260. When 
moistened, exhales a bitter smell. Before the blow-pipe melts 
into a black glass. 


Subsp. 2. Hornblende-Slate. 


Occurs in beds in clay-slate, and is very common. Colour 
between greenish and raven black. Massive. Internal lustre 
shining, pearly. Fracture m the great, slaty; in the small, 
promiscuous radiated. Fragments sometimes tabular. Streak 
greenish grey. Semihard. Not particularly easily frangible. 
Sp. gr. 3°052.f 


* Kirwan, 1.213. Haiiy,iii. 58. Brochant, 1.415. Hoffmann, ii. 2. 146. 
+ Breithaupt. { Breithaupt. 
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Subsp. 3. Basaltic Hornblende. 


Found imbedded in basalt and wacka. Colour velvet black. chap. 1& 
Always in single crystals. The form of the crystals is that PENT S 
described under the general character of the species; for the 
amphibole of Hauy refers particularly to this subspecies. Sur- 
face smooth. Lustre of the principal fracture splendent; of | 
the cross fracture glistening, vitreous. Principal fracture per- 
fect straight foliated, with a double obliquely intersecting 
cleavage. Cross fracture fine-grained uneven. Opaque. 
Setithard. Pretty brittle. Rather easily frangible. Specific 
gravity 3°250.* Melts into a black glass, but is more refrac- 
tory than common hornblende. ‘he constituents of this 
mineral are as follows: 
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Sp. 2. Caranthine.** 


This mineral was constituted into a peculiar species by 
Werner, chiefly on account of its hardness, which consider- 
ably exceeds that of hornblende. ‘The observations of Hauy 
leave little doubt that it is merely a variety of hornblende; 
for it exhibits two natural cleavages meeting at an angle of 
124° 34’, which is precisely the angle of hornblende. Wer- 
ner named it from Carinthia, the country from which it comes. 

Colour greenish black. Always massive. Principal frac- 
ture specular splendent; cross fracture shining, vitreous. 
Principal fracture foliated with a two-fold cleavage meeting at 


* Hauy. 

4+ Hermann, Beob. der Berlin, v. 317. Common hornblende. 

+ Laugier, Ann. de Mus. d’Hist. Nat. v. 79. Common hornblende. 
§ Klaproth, Beitrage, v. 150. Common hornblende. 
|| Klaproth, ibid. Basaltic waif 

** Hoffmann, iv. 2. 103. 
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Book I. an angle of 124° 34’. Cross fracture small conchoidal. Frag- 


ments frequently rhomboidal. Composed of large or small 
angular concretions. ‘Translucent on the edges. Hard. 
Brittle. Specific gravity 3°215.* 


- Sp. 3. Calamite.+ 


This mineral, which occurs in the mine of Brattforss, at 
Normark in Sweden, has been named by Werner from the 
reed-like shape of its crystals. It is obviously connected with 
hornblende or tremolite, and probably only a variety. 

Colour asparagus green. Always crystallized in reed-like 
crystals whose acute edges are truncated, the nature of which 
has not yet been well made out. The faces of the crystals are 
striated longitudinally. External lustre shining, internal 
splendent, vitreous. Fracture foliated with a two-fold cleav- 
age meeting at the same angle as in hornblende and tremolite. 
Cross fracture small grained uneven. Transparent. Hard. 
Easily frangible. ; 

Sp. 4. Actinolite.t. 


Stralstein of Werner. 


This mineral occurs chiefly in beds in primitive mountains. 
It is subdivided into four subspecies. 


Subsp. 1. Asbestous Actinolite. 


Colours greenish-grey, mountain-green, smalt-blue, olive- 
green, yellowish and liver-brown. Massive and in capillary 
crystals, which are sometimes a little flexible and elastic. In- 
ternal lustre shining, pearly. Fracture between fibrous and 
narrow radiated. Fragments wedge-shaped. In coarse wedge- 
shaped distinct concretions. Opaque. Soft. Rather sectile. 
Tough. Specific gravity 2°584§ to 2°916.}| Melts before the 
blow-pipe into a black or grey scoria. 


Subsp. 2. Common Actinolite. 


Usual colour leek-green; sometimes pistachio and olive+ 
green; blackish-green. Massive, and crystallized in very 
oblique six-sided prisms. Primitive form of its crystals, ac- 
cording to Hatiy, is a four-sided prism whose bases. are 


* Werner. + Hoffmann, iv. 2. 122. 
} Brochant, i. 504, Haity, ii. 73. : Hoffmann, iv, 2.293. 
§ Kirwan. | || By my trial. 
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rhombs, and which he presumes to be the same with the pri- Chap. 1, 


mitive form of hornblende. Crystals often longitudinally ~ 


streaked : large and often acicular. External lustre splendent ; 
internal shining, between resinous and vitreous. Fracture 
commonly radiated, and usually scopiform and diverging ; 
sometimes foliated with an indistinct two-fold cleavage. Frag- 
ments sometimes wedge-shaped and splintery. In wedge- 
shaped and granular distinct concretions. Massive varieties 
translucent. Crystals transparent. Semihard. Pretty brittle. 
Tough. Specific gravity 3°332 to $:482.* 


Subsp. 8. Glassy Actinolite. 


Principal colour mountain-green, passing to greenish-grey 
and to emerald-green. Massive, and in thin six-sided acicular 
crystals. Lustre shining, vitreous. Fracture promiscuous 
fibrous, and narrow scopiformly diverging radiated. Frag- 
ments splintery and wedge-shaped. In prismatic distinct con- 
cretions, inclosing smaller ones. Translucent. Brittle. Easily 
frangible. Has cross rents. Semihard. Specific gravity 
from 3°175 + to 3:230.* | 


Subsp. 4. Granular Actinolite. 


Colour grass-green. Massive. Internal lustre shining and 
vitreous. Principal fracture imperfect foliated with a two- 
fold cleavage: cross fracture splintery. In granular distinct 
concretions. Faintly translucent. Semihard. Brittle. _ Easily 
frangible. Specific gravity 3°350.t The constituents of these 
subspecies, as far as they have been analyzed, areas follows: 


* Breithaupt. t Karsten. | $¢ Werner. 
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Sp. 5. Tremoliie.| 
Grammatite of Hauy. 


This mineral occurs chiefly in primitive mountains, and’ 


usually in lime-stone. It was first observed at Tremola in 


Switzerland; hence the name. It 1s subdivided into three — 


subspecies. 
Subsp. 1. Asbestous Tremolite. 


Colour yellowish-white; also greyish, reddish, and green- 


ish-white. Massive and in capillary crystals. Internal lustre — 


glistening, pearly. Fracture fine fibrous, either straight or 


scopiform diverging. Fragments splintery and wedge-shaped. — 
In wedge-shaped prismatic concretions. ‘Translucent on the — 


edges. Very soft. _ Very easily frangible. Sectile. Specific 
gravity 2°778."* 


Subsp. 2. Common Tremolite. 


Colours greyish, greenish, yellowish, and reddish-white; | 
pale asparagus-green; dark smoke-grey. Sometimes massive, — 
sometimes crystallized. Primitive form of the crystals, ac- 


* By my analysis, Annals of Philosophy, iv. 209. Asbestous actinolite | 


from Cornwall. 

+ Vauquelin, Haiiy, iv. 335. The variety of asbestous actinolite called 
byssolite. 

t Bergman, Opusc. iv. 172. 

§ Laugier, Ann. du Muse. d’Hist. Nat. v. 79. Glassy actinolite. 

|| Brochant,i. 514, Haily, 111. 227. Hoffmann, ii. 2. 305. 

** Breithaupt. 
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cording to Haiiy, is a rhomboidal prism, whose sides are in- Chap. 11. 
clined to each other at angles of 126° 59’ 12” and 53° TART iene 


It usually occurs in four-sided prisms, terminated by dihedral 
summits; and not unfrequently the two acute edges, or all 
the four, are truncated. Crystals middle-sized and small. 
Internal lustre shining, pearly. Fracture sometimes broad 
radiated, sometimes foliated; both streaked ; the latter appears 
to have a two-fold longitudinally intersecting cleavage. Cross 
fracture uneven. Fragments usually indeterminate ; sometimes 
somewhat cubical. The massive variety is in granular distinct 
concretions. ‘Translucent; crystals semitransparent. Semi- 


hard. Rather easily frangible. Specific gravity 2°9257 to 
3.200.* 


Subsp. 3. Glassy Tremolite. 


Colours yellowish, reddish, greyish, and greenish-white. 
Massive and crystallized. Internal lustre shining; passing to 
glistening, pearly. Fracture very narrow radiated. Has pa- 
rallel oblique cross rents, like the shorlite. Fragments usually 
splintery. Composed of thin prismatic distinct concretions, 
which are collected into thick ones. Translucent. Very 
easily frangible. Brittle. Specific gravity 3:094.+ Melts 
before the blow-pipe into a white cellular scoria, . 

The constituents of these subspecies, as far as they have 
been analyzed, are as follows: 
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* Haitiy. + Breithaupt. 

} Hisinger, Afhandlingar, iy. 378." Common tremolite. _ 

§ Klaproth, Crell’s Annals, 1790, 1. 54. Glassy tremolite. 
 |{ Laugier, Gehlen’s Jour, Second Series, ii, 46, Glassy tremolite from 
St. Gothard, 
2B 2 
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Sp. 6. Cyanite.* 
Sappare of Saussure. Disthene of Hay. 


Book UI: [his stone was first described by Mr. Saussure the son, who 
gave it the name of sappare.t It is commonly found in tale 
and mica slate. ‘The primitive form of its crystals is a four- 
sided oblique prism, whose sides are inclined at an angle of 
103°. The base forms with one side of the prism an angle of 
103°; with an other, an angle of 77°. It is sometimes crystal- — 
lized in six-sided prisms.] 

Colour various shades of blue; as smalt, berlin, sky ; also 
milk-white, bluish-grey, and pearl-grey. Some specimens 
entirely blue, others only spotted with it. Massive and crys- 
tallized. Internal lustre shining, pearly. Fracture very 
broad, diverging, promiscuous radiated; passes sometimes 
«nto curve foliated. Fracture of the crystals foliated with a 
threefold cleavage. Fragments slaty, splintery, wedge- 
shaped, and sometimes imperfect rhomboidal. In wedge- 
shaped distinct concretions. Translucent and transparent. | 
Refracts singly. Slightly flexible. Semihard. Approaching — 
sectile. Feels somewhat greasy. Specific gravity from 3°517 
to 3:618.§ Infusible before the blow-pipe. | 

The constituents of this mineral are as follows : 
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Sp. 7. Rhetixite. Tt ie | 
This mineral occurs at Pfizsch, in the Tyrol, and has been | 


* Kirwan, i. 209. Sage, Jour. de Phys. xxxv. 39. Hauy, iii. 220. Bro- 
chant, i. 501.. Hoffmann, ii. 2. $13. | 
4 Jour. de Phys. xxxiv. 213. 


+ Haity, Jour. de Min. No. xxviil. 282. 
§ Saussure, junior. \| Saussure, junior, Jour. de Phys, 1793, ii. 15» 


** Laugier, Gehlen’s Jour. iv. 535. | 


++ Klaproth, Beitrage, Vv. 10, 
t{ Hoffmann, iv, 2. 126. 
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lately constituted into a particular species by Werner. It seems Chap. Hr. 


formerly to have been considered as a variety of cyanite. 

Its colours are cream-yellow and brick-red. Massive. 
Glistening and lustre pearly. Fracture radiated, long, and. 
narrow, and either parallel, scopiform, or promiscuous. 
Feebly translucent on the edges. Soft. Streak-white. Diffi- 
eultly frangible. Specific gravity 3°100. 


o Sp. 8. Diallage. 


Under this name I include the schillerspar, diallage, and 
bronzite of the Germans, because Hatiy has shown that the 
primitive form of these three minerals is the same. I shall 
describe them as three subspecies. 


Subsp. 1. Schzdlerstone. 


Colour various shades of green; it occurs also brown, yel- 
low, and white. Occurs in plates, sometimes indeterminate, 
sometimes round or hexangular. Principal fracture splendent 
and metallic; that of the cross fracture splintery, sometimes 
passing into fibrous. Opaque; but translucent when in thin 
plates. Streak greenish-grey and dull. Sectile. Scratched 
‘by common hornblende. Very slightly common flexible. 
Feels meagre. 


Subsp. 2. Diallage, or smaragdite. 


Colours grass-green, apple-green, and hair-brown. Mas- 
sive and disseminated. Lustre shining and semimetallic. 
Fracture foliated with a double nearly rectangular cleavage. 
Fragments indeterminate angular. Translucent on the edges. 
Semihard. Brittle. Difficultly frangible. Specific gravity 
3°140. 


Subsp. 3. Bronzite. 


Colour intermediate between yellowish-brown and pinch- 
beck-brown. Massive and disseminated. Lustre shining and 
semi-metallic. Fracture foliated, fracture surface streaked. 
Fragments blunt-edged. In granular distinct concretions. 
- Opaque in mass; but transparent in thin folia. Streak white. 
Semihard. Brittle. Easily frangible. Specific gravity 3°200. 
The constituents of these three subspecies are as follows: 
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Schillerstone. Diallage. Bronzite. 
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Sp. 9.  Hyperstene.§ 


This mineral has been hitherto observed only on the coast 
of Labrador, from which it was brought by the Missionaries, 
and was long distinguished by the name of Labrador horn-- 
blende. Wiaiiy constituted it into a peculiar species under the 
name of hyperstene; and Werner gave it a distinct place in 
his system under the name of paulite. 

Colours greyish-black, greenish-black, and brownish-black. 
Internally it reflects a colour intermediate between copper-_ 
red, pinchbeck-brown, and iron-grey. Hitherto it has been 
found only in rolled pieces. Internal lustre shining and 
semimetallic. T*racture foliated with a twofold cleavage, in 
which the folia meet under angles of 80° and 100°. Frag- 
ments oblique rhomboidal. In granular distinct concretions. — 
Opaque. Streak greenish-white. Scratches common horn- 
blende. Specific gravity 3°385.|| Infusible before the blow- 
pipe. Its constituents are as follows: 
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100°00** 
* Heyer, Brochant’s Mineral, i. 422. 
+ Vauquelin, Ann. de Chim. xxx. 1006. { Klaproth, Beitrage, v. 34. 
§ Hoffmann, ii. 2. 143. || Brogniart. 


** Klaproth, Gehlen’s Journal, Second Series, v. 212. 
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This family contains five species, namely, batkalite, fassatte, chap. u. 


augite, chrysolite, and oltvine. 
Sp. 1. Bazkalite.* 


This mineral was first found by Laxmann on the borders 
of the Baikal sea, and brought by him to Petersburg, where it 


passed under the name of a schorl. Werner constituted it a 


distinct species, and gave it the name which it bears. It is 
obviously intimately connected with sahlite, and therefore in 
all -probability only a variety of augite. It is said to have been 
found also in Sweden. 

Colour usually blackish-green. It occurs massive and crys- 
tallized in low four-sided prisms, slightly oblique. ‘The mea- 
surements of the angles agree exactly with those of augite and 
sahlite. The faces of the prism are streaked longitudinally. 
Lustre shining, resinous. Fracture foliated with a triple 
cleavage; two of the cleavages parallel to the faces and one 
to the base of the prism. The massive varieties composed of 
angular distinct concretions. Transparency varies from 
translucent to opaque. As hard as felspar. Brittle. Before 


the blow-pipe it melts into a greenish glass and exhibits the 


same appearances as sahlite. Its constituents, according to the 
analyses of Lowitz, are as follows: 
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Sp. 2. Fassaite.+ 


This mineral, which was named by Werner from Fassa in 
the Tyrol, the place where it occurs, is obviously only a 
variety of augite. It would be better therefore to place it as 
a subspecies of that mineral. | 

Colour blackish and leek-green. It occurs likewise aspa- 
ragus-green. It occurs massive and crystallized in four- 
sided prisms, the angles of which correspond exactly with 
those of augite. Internal lustre glimmering, external shining, 


* Hoffmann, iv. 2. 105. ft Ibid. 2. 110. 


Chrysolite 
family. 


376° 


SIMPLE MINERALS. 


Book HI. vitreous. Fracture sometimes foliated with a double cleavage. 


When this cannot be observed, the fracture is small-grained 
uneven. ‘Translucent on the edges. Hard in a moderate 
degree. Brittle. Easily frangible. Specific gravity 3°30. 
Before the blow-pipe it exhibits the same phenomena as 
coccolite. 


Sp.:8.) Aupgite. 


Under this species I include the sahlite augite, and diopside 
of mineralogists, because Hatiy has shown that they have all 
the same primitive form. But it will be worth while to de- 
scribe each of them separately as subspecies. 


Subsp. 1. Augite.* 


Pyroxene of Hatiy—Volcanite of Delametherie—Octahedral 
Basaltine of Kirwan. 


This mineral is found in basalt. It is sometimes in grains, 
but most commonly in crystals. The primitive form of its 
crystals is an oblique-angled prism, whose bases are rhombs 
with angles of 92° 18” and 87° 42’. It is generally crystal- 
lized in six or eight-sided prisms, terminated by dihedral sum- 
mits. t Crystals mostly small, but complete. 

Colour blackish-green, sometimes passing into leek-green, 
and rarely to liver-brown. Internal lustre shining, resinous. 
Fracture uneven, passing into imperfect small conchoidal. 
The crystals pass into perfect foliated with a double cleavage. 
Fragments sharp-edged. ‘Translucent. Scratches glass. 
Kasily frangible. Specific gravity from 3°2265 § to 3°4771.|f 
Before the blow-pipe it is with difficulty converted into a 
black enamel. 


Subsp. 2. Sahlite.** 
Matacolite of Abilgaard and Hauy. 


This mineral was first observed in the silver mine of Sahla 
in Vestmanland; hence the name. Afterwards it was found | 
in Norway. 


* Kirwan, i. 219. Brochant,i.179. Haiiy, 11. 80. Hoffmann, 1.448. 
The mineral called coccolite by D’Andrada is a granular variety,of augite. 

+ Haiiy, Jour. de Min. xxviii. 269. 

t De Lisle, ii. 398. § Hatiy. - || Werner. 

** Haitiy,iv.379. Brochant, ii. 518. Hoffmann, ii. 2.319. Bournon, 
Jour. de Min. No, Ixxiv. p. 108. 
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Colour light greenish-grey, Massive. Internal lustre “hp. 1. 


shining. _ Principal fracture foliated; cleavage threefold. 
Fragments frequently rhomboidal. Composed of very coarse 
granular distinct concretions. Translucent on the edges. 
Semihard. Brittle. Easily frangible. Specific gravity from 
3°2368 to 3°2307.* Melts before the blow-pipe into a trans- 
parent glass, 

__ Subsp. 3. Diopside.+ 


Mussite and Alalite of Bonvoisin. 


This mineral occurs in the Piedmontese Alps, and was dis- 
covered by Bonvoisin, and described by him in the Journal de 
Physique for May 1806. Specimens of it were sent to Paris, 
where it was examined by Hatiy; and from its peculiar cha- 
racters constituted by him into a new species, under the name 
of diopside, from the appearance of its primitive crystals. He 
afterwards found that the crystals agree with those of augite. 

It occurs sometimes amorphous, but most commonly crys- 
tallized. The principal varieties of the crystals are:— 
1. The primitive form :—2. A didodecahedral crystal consisting 
of a twelve-sided prism, terminated at each extremity by six 
faces, situated two and two, one above the other. Sometimes 
it is compact, and sometimes in cylindroidal prisms.. The 
crystals of the variety called mussite are small, elongated, and 
commonly opaque. ‘Those of the variety called a/alite are 
larger, translucid, and of a greenish-white colour. Colour 
green, greenish-grey, greenish-white, and yellowish-white. 
Lustre shining and vitreous. Fracture foliated. ‘Translucent. 
It scarcely scratches glass, but it scratches fluate of lime. 
Specific gravity 3°2374. Before the blow-pipe it fuses into a 
glass of the same greenish colour as the mineral itself. 

The constituents of these minerals are as follows: 


* Hatiy and D’Andrada. 
+ Haiiy and Tonnelier, Nicholsou’s Jour. xxii, 14. Hoffmann, 1. 467. 
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Sp. 2. Chrysolite. tt 


Peridot of the French—Topaz of the ancients. 
The name chrysolite was applied, without discrimination, to 
a great variety of stones, till Werner defined it accurately, 
and confined it to that stone which the French chemists dis- 
tinguish by the appellation of peridot. This stone, found 


principally i in Upper Egypt, is the topax of the sia e ; their 


chrysolite is now called c¢opax. §§ 

The chrysolite is found in angular fragments, in grains, and 
crystallized. The primitive form of its crystals is a right- 
angled parallelopiped, whose length, breadth, and thickness, 
areas 5, / 8, /.5.||||_ The edges of the prism are usually 
truncated. The lateral planes are longitudinally streaked. 

Colour pistachio-green, sometimes approaching olive-green, 
grass-green, or even broccoli-brown. External lustre of the 
crystals splendent; internal splendent, and vitreous. Frac- 
ture perfect conchoidal. Fragments sharp-edged. ‘Transparent. 
Causes double refraction. Hard. Scratches felspar. Brittle. 


* Klaproth, Gehlen’s Jour. Second Series, v. 199. 
Frascati. 

+ Klaproth, Beitrage, v. 165. 
3-333 ; the second green, and of the specific gravity 3-280. 

{ Vauquelin, Jour. de Min. No. Ixxxix. p. 172. 

§ Vauquelin, Hauy, iv. 357. || Ibid. p. 382. 

** Hisinger, Afhandlingar, iii. 300. 

tt Laugier, Ann. du. Mus. d’Hist. Nat. il. 157. 

tt Kirwan, i. 262. Cartheuser, Min. 94. Dolomieu, ee de Min. 
No. xxix. 365. La Metherie, Nouv. Jour. de Phys. i. 397. Brochant, 
i170. Haiiy, 11,198. Hoffmann, i. 429. 

§§ Plinii, Lib. xxxvil. c. 8. 

|| || Haiiy, Jour, de Min. No. xxvii. p. 281. 
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The first black, and of the specific gravity 
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Easily frangible. Specific gravity from 3410 to 3°440.* 
Infusible at 150° Wedgewood, but loses its transparency, and 
becomes Blvekishe ere + With borax it melts without effer- 
vescence into a transparent glass of a light-green colour. In- 
fusible with microcosmic salt, t and fed AS § 


Sp. 3. Olwvine.|| 


This species has been united with the preceding by Hauy, 
on account of the sameness of the primitive form of the crys- 
tals. It occurs chiefly in basalt, and is very common, usually 
in roundish pieces or grains, though sometimes crystallized 
in rectangular four-sided prisms. 

Colour intermediate between asparagus and olive-green. 
Internal lustre shining, resinous. Fracture imperfect small 
conchoidal. Fragments sharp-edged. Often in small-grained 
distinct concretions. Semitransparent. Very easily frangi- 
ble. Hard. Specific gravity 3°225** to 3:265.;+ Nitric acid 
dissolves its iron, {{ and deprives it of its colour. Infusible 
before the blow-pipe. Melts with borax into a dark-green 
bead. ‘The constittients of these two species are as follows: 


Chrysolite. Olivine. 
S§ Il aon th 
ie. OO Oe fs OOO aes OO Oe, eh O200 
Besonesa 23'S. 509 eSB bO) ye 8775 


ORV EER cis ea th eed Ee a SQ aay oO OURS 
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XX. BASALT FAMILY. 
This family contains four species, namely, basalt, wacka, 
clink-stone, and iron clay. 


* Werner. | + Kirwan’s Min. 1. 263. 
t Vauquelin, Ann. de Chim. xxi. 97. § Kirwan, 1. 263. 


| Kirwan, i. 263. Lelievre, Jour. de Phys. xxx. 397. Brochant, i. 175. 


Hoffmann, 1.487. Hai, ii. 205. 
** Werner. ++ Klaproth. +} Kirwan, i. 264. 
§§ Klaproth, Beitrage, i. p. 110. 
[|| Vauquelin, Ann. de Chim. xxi. 97. 
*** From Unkel. Klaproth, Ibid. p. 118. 
ttt From Karlesberge.- Klaproth, Ibid. p. 128. 
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Sp. 1. Basalt.* 


This mineral is confined to the floétz trap formation, but 
occurs abundantly in almost every country, and in none is it 
more common than in Scotland. Colours greyish-black; 
ash-grey, inclining to brown; sometimes nearly raven-black. 
Massive. Internal lustre commonly dull; sometimes glim- 
mering, from foreign particles. Fracture usually coarse- 
grained, uneven; sometimes imperfect large conchoidal and 
fine splintery. Fragments not sharp-edged. Mostly in co- 
lumnar distinct concretions of various sizes, sometimes in 
globular distinct concretions ; sometimes tabular. Usually 
opaque; sometimes translucent on the edges. Streak light 


ash-erey. Semihard, Brittle. Tough. Specific gravity 


from 2°864 + to 3'225.+ Melts before the blow-pipe into an 
opaque black glass. 


Sp. 2. Wacka.§ 


This species, like the preceding, is confined to the floetz 
trap formation, and occurs in beds and veins. It constitutes 
the basis of amygdaloid. . 

Colour greenish-grey of various degrees of intensity. Mas- 
sive and vesicular. Lustre dull. Fracture even; sometimes 
imperfect flat conchoidal, sometimes uneven and earthy. Frag- 
ments blunt-edged. Never in distinct concretions. Opaque. 
Lustre of streak shining. Sectile. Soft. Easily frangible. 
Specific gravity 2°249 to 2°595. || Melts like basalt. 


Sp. 3. Clink-stone.** 


This mineral, like the preceding, belongs to the floetz trap 
formation, and is common in Germany, Scotland, &c. 


Colour dark greenish-grey, sometimes passing into yellowish — 


and ash-grey. Massive. Lustre of the cross fracture dull ; 
of the principal fracture glimmering. Cross fracture splintery 5 
passing into conchoidal and even; principal fracture slaty. 
Fragments mostly sharp-edged, sometimes tabular. In irre- 
gular columnar and tabular distinct concretions. Translucent 


* Kirwan, i, 234. Brochant, i. 430. Hoffmann, ii. 2. 162, 


+ Brisson. { Breithaupt. 
§ Kirwan, i. 223. Brochant, 1. 434. Hoffmann, ii. 2. 175." 
|| Briethaupt. 


** Brochant, i.437. Klaproth, iii, 229. Hoffmann, ii. 2. 180. 
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on the edges. Semihard. Brittle. Easily frangible. Specific 
gravity 2°575.* When struck with a hammer sounds like a 
piece of metal. Melts easily, and gives a glass nearly colourless. 


Sp. 4. Lron Clay.+ 
‘This mineral likewise belongs to the floetz trap formation, 
and seems, till lately, to have been confounded with wacka. 
It was named by Werner from the great proportion of per- 
oxide of iron which it contains. 

Colour brownish-red; sometimes approaching reddish- 
brown and blood-red. Almost always contains vesicles. In- 
ternal lustre dull. Fracture fine earthy; sometimes inclining 
to conchoidal. Soft. Easily frangible. Specific gravity 2°785.{ 

The following table exhibits the constituents of the preced- 
ing species, as far they have been ascertained by analysis: 

Basalt. ~ Clink-stone. 
§ | ite 
SSHICA, olga ores, ais BAO AM MPAEE ES 0s, '0. DZD 
Alumina. seas wii 160 gues (T6075 -.... 23°5 
PGE ye ss iv. ae! Divs OU OREE oonca's i 2 ka 
Magnesia.......°.. — oimoy@'@e 6... — 
UTE site Sate ee Pe Ow ule vil oO bhis wep ian. Od 
Oxide of tron.... 16° .... 20 egy eae fe 
Oxide of mang... —~.... O°12 .... 0°25 
IVLUP AGC AGldiie. . ATi CeO ig. 3's 


PALE cake ticaio shies 5. pido ies ansnlihe’ 
HELYEO nie Puli paisize AV ERAR APWEES 0 cise LD 


omen os ne ete 
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ORDER II, SALINE STONES. 

Under this order are comprehended all the minerals which 
have an earthy basis combined with an acid. ‘The minerals 
belonging to it are of course salts, and as such have been de- 
scribed in a former part of this work; but as they occur 

native in states which cannot always be imitated by art, it 
will be necessary to take a view of them as they are found in 
the earth. They naturally divide themselves into five génera, 
as only five earths have hitherto been discovered native in 


* Klaproth. + Hoffmann, 11.2. 184. 

{ Breithaupt. § Kennedy, Edin. Trans. v. 89. 
}i Klaproth, Beitrage, iii. 253. He found also traces of muriatic acid. 
** Klaproth, ili, 229. 
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Book I combination with an acid, These earths are, lime, barytes, 
strontian, magnesia, and alumina. ‘The species belonging to 
each genus might be arranged according to their external 
characters ; but as their constituents afford well marked and 
important characteristics, it will answer our purpose better to 
arrange each mineral according to its composition. The fol-— 
lowing table ;exhibits a view of the different saline stones 
arranged in that manner. 


I. GENUS. CALCAREOUS SALTS. 
{. Family of Carbonates. 


a. Nearly pure. 


Slate spar. 

Aphrite. 

Agaric mineral. 

Chalk. 

Limestone. 

Blue vesuvian limestone. 
Lucullite. 

Arragonite. 


b. Combined with a foreign body. 


Dolomite 
Miemite } 
Gurhofite 
Brown spar. 
Marl. 


Bituminous marl state. 


II. Family of Phosphates. 


Apatite. 
Phosphorite. 


III. Family of Fluates. 


Fluor spar. 


IV. Family of Sulphates. 


Gypsum. 
Anhydrite. 
Vulpinite. 
Glauberite. 
Polyhalite 


STONES. 


V. Family of Borosilicates. 
Datolite. 
Botryolite. 


VI. Family of Silicates. 
Table spar. 


VII. Family of Arseniates. 


Pharmacolite. 


VIII. Family of Tungstates. 


Tungsten. 


II. GENUS. BARYTIC SALTS. 
Carbonate. 
Sulphate. 
Hepatite. 
III. GENUS. STRONTIAN SALTS. 
Carbonate. 
Sulphate. 


IV. GENUS. MAGNESIAN SALTS. 
Sulphate. 
Carbonate. 
Anhydrous carbonate. 
Borate. 
Vv. GENUS. ALUMINOUS SALTS. 
Alum. | 
Subsulphate of alumina. 
Mellate. 
Phosphate, or wavellite. 
Phosphate of alumina-and-magnesia, or azure stone. 
Silicate, or bucholzite. 


Cryolite. 


The minerals belonging to this athe are distinguished 
without much difficulty from the last. Almost all of them are 
insoluble in water; but soluble i in nitric acid or in hot sul- 
phuric acid. Most of them melt before the blow-pipe. 
Their specific gravity varies; but it is often above 3°5 when 
the mineral is too soft to scratch glass. None of them have 
the metallic lustre. 


GENUS I. CALCAREOUS SALTS. 
The existence of pure uncombined lime in a native state 
has been questioned; but the evidence on which the belief 
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of its existence is founded is sufficiently respectable to put the 
matter beyond doubt. Monnet affirms that it exists in abun- 
dance in the mountains of Upper Auvergne, mixed, however, 
with a little oxide of iron.* Dr. Falconer of Bath found a 
soft whitish mineral in the neighbourhood of that town, con- 
sisting partly of pure lime capable of dissolving sulphur,+ 
and from which lime-water may be made. Ihave been informed 
by his son, Mr. ‘Thomas Falconer, that a gentleman, en- 
gaged in collecting the minerals about Bath, found it, though 
not in any great quantity. But as the pure lime in these 
specimens is mixed with other bodies, it can scarcely, with 
propriety, be considered as a distinct mineral. 

This genus comprehends all the combinations of lime with 
an acid that occur in the mineral kingdom. 


I. FAMILY OF CARBONATES. 


No other mineral can be compared with carbonate of lime 
in the abundance with which it is scattered over the earth. 
Many mountains consist of it entirely, and hardly a country 
is to be found on the face of the globe where, under the names 
of lime-stone, chalk, marble, spar, it does not constitute a 
greater or smaller part of the mineral riches. 

This salt is often pure or nearly so: but itis frequently also 
either chemically combined, or at least intimately mixed with 
a considerable proportion of some other-substance which 
changes its appearance and its properties. ‘The first eight 
species of this family enumerated in the preceding table are 
nearly pure carbonates; but the last six are compounds, or 
intimate mixtures of carbonate of lime with some other body. 


Sp. 1. Slate spar, or Schieferspath. 
Argentine of Kirwan. 


This mineral occurs in beds in primitive mountains, and 
has been found in Norway, Saxony, and Cornwall. 
Colour milk, greenish, and reddish-white. Massive. Lustre 


shining, pearly. ‘Texture curve foliated. Fragments slaty. — 


Brittle. Translucent. May be scratched by the nail. Spe- 


cific gravity 2°740. Between sectile and brittle. Kasily frangible. 


* Monnet’s Mineralogy, p. 515. + On Bath Waters, 156. 
+ Kirwan, i.105. Brochant, i, 558, 
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Sp. 2. Aphrite, Schaumearth.* 
Silvery chalk of Kirwan. 

This mineral occurs in cavities of floétz lime-stone. It is 
found near Gera, in Thuringia, and in the north of Ireland. 

Colour light yellowish (nearly silver) white. Massive and 
disseminated, or in fine scaly particles. Lustre shining. 
Between semimetallic and pearly. Fracture curve foliated. 
Cleavage single; passes into scaly. Fragments blunt-edged. 
In granular distinct concretions. Opaque. Soils a little. 
Very soft. Sectile. Friable. Feels fine. Creaks a little. Light. 


Sp. 3. Agaric Mineral. 
Rock-milk—Mountain-milk. 

Found in the fissures and holes of lime-stone mountains, 
chiefly in Switzerland, and is supposed to be deposited by the 
rain water that filters through the rocks. 

Colour yellowish-white, sometimes snow and greyish-white 
‘Composed of dusty particles without lustre, which eohere but 
weakly. Feels fine but meagre. Stains very much. Does 
not adhere to the tongue. Nearly floats on water. 


Sp. 4. Chalk. 


This mineral forms a peculiar formation, and abounds par- 
ticularly in the south of England and north of France. 

Colour yellowish-white, sometimes snow and greyish-white. 
Lustre dull. Opaque. Soft. Specific gravity from 2°315 to 
2657. Fracture fine earthy. Fragments blunt-edged. Ad- 
heres slightly to the tongue. Feels meagre and rough. Stains 
the fingers, and marks. Sectile. 

Sp. 5. Lime-stone.§ 

This mineral occurs in great abundance and in a great 
variety of situations, and differs in its appearance according 
to its situation. Hence it has been divided into five sub- 
Species, distinguished chiefly by their fracture and their geog- 
Mostic position. | 

Subsp. 1. Compact Lime-stoune. 

Whis mineral is confined almost exclusively to the floétz 
-and coal formations. It is usually massive, and never crys- 

/* Kirwan, i. 78; Brochant,i. 557. ‘The name aphrite ‘seems to have 
been imposed by Karsten from the frothy appearance of this mineral, 
: From apes, froth. 
¢ Kirwan, i. 76. Brochant, i. 519. Hoffmann, iii. 1. 2. 
t Kirwan,*.77. Brochaut, i. 54%. riofimann, 111. 1. 4. : 
§ Kirwan, i. 82. Brochant, i. 523. Hatiy, 1.117. Hoffmann, iii. 1.7. 
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Book rit. tallized. Its texture is compact, its fracture splintery, and 


it has no internal lustre. It is often used for building, and 
for burning to lime. There are two varicties of it; namely, 
common compact lime-stone and roe=sione. The first of which 
is much more abundant than the second. 

1. Common. Colour various shades of grey; namely, yel- 
lowish, bluish, ash, and smoke-grey ; oreyish-black ; yellowish- 
brown, ochre-yellow ; also blood, flesh, and peach blossom- 
red. Often spotted and veined. Fracture small fine splin- 


tery, passing sometimes into large flat conchoidal, and into 


uneven. Fragments more or less sharp-edged. ‘Translucent 


on the edges. Semihard. Brittle. Easily frangible. Spe- 
cific gravity 2°6 to 2°7. 

2. Roe-stone. Colour hair and chesnut-brown ; but from 
the quantity of marl which it contains, it appears yellowish 
and ash-grey. Fracture fine splintery, but not easily observed. 
Fragments very blunt-edged. Composed of small globular 


distinct concretions; each globule is composed of concentric 
Jamellar concretions. Opaque. or : translucent on the edges.. 


Semihard.. Brittle. Very easily frangible. 


Subsp. 2. Foliated Lime-stone. 


This subspecies is distinguished from the preceding by its 
foliated fracture. All the calcareous crystals belong. to it, 
except one or two, which are peculiar to the arragonite. There 
are two kinds of it, easily distinguished from each other, by 
the shape of the fragments ; the fragments of the first kind 
being indeterminate, while those of the second are always: 
rhomboidal. The first kind is called granular foliated, from 
the granular distinct concretions of which it composed; the 
second calcareous spar, from the shape of the fragments. 

1. Granular foliated. This kind belongs almost exclu- 
sively to the primitive and transition mountains, where it o¢- 


curs in great abundance. The marbles used in sculpture, — 
and many of those employed in architecture, belong to it. It 


is never found crystallized. 


Colour various shades of white; namely, snow, yellowish, — 


greyish, greenish, reddish; bluish, greenish ash, and smoke- 


/ 
: 
: 


grey; greyish-black ; pearl-grey, flesh-red ; cream-yellow; | 


siskin and olive-green.- Sometimes spotted and clouded. | 
Internal lustre from shining to glimmering, between pearly 
and vitreous. Fracture foliated, sometimes from the fineness” 
of the grains appears” splintery. Tragments blunt-edged. 


| 
: 
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Mostly in granular distinct concretions; sometimes they are Chap. 


so fine that the mineral passes into compact, Translucent. 
Semihard. Brittle. Kasily frangible. Specific gravity 2°7. 
2. Calcareous Spar. This kind is found in veins; and it oc- 
curs in every formation, being indeed the most generally distri- 
buted of all- minerals. It occurs massive and in different 
particular shapes, but more frequently crystallized. The pri- 
mitive form of its crystals is a parallelopiped, whose sides ‘are 
rhombs, with angles of 74° 55’ and 105° 5’ .* Its integrant 
molecules have the same form. The varieties of its crystals 
amount to 616. For a description and figure of which the 
reader is referred to Romé de Lisle, + Haiiy, ¢ and Bournon. § 


‘Werner has given a very luminous view of the varieties of 


-these crystals, by supposing three fundamental figures; namely, 
the six-sided pyramid, the six-sided prism, and the three-sided 

-prism, ‘and forming all the other crystals by truncations of 
these. 

Colours greyish, yellowish, greenish, and reddish white; 
olive, asparagus, pistachio, and leek’ green; greenish grey; 
‘sometimes yellow, rose red, and pale violet blue, but very 
-seldom. Internal lustre from splendent to glistening, vitreous. 
Fracture perfect foliated; cleavage threefold. Fragments 
‘rhomboidal. Massive varieties occur in granular distinct 
concretions, and in prismatic and wedge-shaped concretions 
which are oblique longitudinally streaked. Massive varieties 
‘transparent or translucent. Crystals transparent. Refracts 
strongly double. Semihard. — Brittle, Easily frangible 
Specific gravity 2°693 to 2°718. Many varieties become 
phosphorescent on hot coals. 


Subsp, 3. Fibrous Lime-stone, 


This subspecies is by no means so universally distributed as 
the preceding, It is divided into two kinds, the common 
fibrous and calcsinter. The first occurs in small veins; and 
the second consists chiefly of stalactites, formed by the filtra- 
tion and evaporation of water impregnated with carbonate of 
lime. None of them are crystallized. 


- * Malus and. Wollaston. + Crystallog. i. 497. 

} Essai d’une Theorie, &c. p. 75. Jour. de Phys. 1793, August, p. 11, 
and Miner. ii. 130. Jour. de Hist. Nat. 1792, February, p.148. Ann. de 
Chim. xvii. 249, &c. Jour de Min. No. xxviii, 304. 

§ Traité de Mineralogie, Toms, i. ii. and iii 
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L. Common Fibrous. Colours greyish, reddish, and yellow- 
sish white. Massive. Lustre shining, pearly. Fracture 
oarse and delicate, straight and parallel fibrous. Fragments 
splintery. Translucent. Semihard. In other respects simi- 
‘lar to the last subspecies. The satin spar belongs to this kind. 


Sp. gr. 2°701.* 


2. Calcsinter. Colours snowy greyish, greenish, and yellow- 
ish white; honey yellow, yellowish brown ; siskin, pistachio, 
asparagus, mountain, and verdigris green the last passes into 
sky blue; flesh.and peach blossom red, reddish brown: but the 
red and green varieties are rare, and owe their colour to.me- 
tals. Massive.and in particular shapes. Internal lustre glim- 
mering, passing into glistening, pearly. Fracture straight 
scopiform and stellular fibrous. Fragments usually indetermi- 
mate; sometimes splintery and wedge-shaped. Usually m 
‘curved lamellar distinct concretions, Translucent. ‘Semihard. 
Brittle. Very easily frangible. 


Subsp. 4. Pea-stone. 


This mineral is found in the vicinity of the hot springs at 
Carlsbad in Bohemia. It has the form of round masses com- 
posed of concentric layers, and containing each a grain of sand 
jn their centre. Colour yellowish white, sometimes ‘snow 
white and yellowish brown. ‘The round bodies are collected 
together like a bunch of grapes. Lustre dull, Very easily 
frangible. Opaque. Semihard. Moderately heavy. Frac- 


ture even. 
Subsp. 5. Calctuff. 


This mineral occurs in alluvial land, and appears to be 
daily formed by means of calcareous springs. Colour yellow- 
ish grey. Generally marked with impressions of reeds, grass, 
‘or moss. Internal lustre dull. Fracture between fine-grained 
‘uneven and earthy; sometimes inclines a little to fibrous or 
foliated. Fragments blunt-edged. Opaque, or only trans- 
lucent on the edges. Soft. Somewhat sectile, Easily fran- 
gible, Sp, gr. from 2°452 to 2°601. 7 


Sp. 6. Blue ree Lime-stone. £ 


This species is ‘found in loose masses among ‘ejected mi- 
nérals ‘in the neighbourhood of Vesuvius. It appears to differ 


* Breithaupt. + Ibid. { Klaproth, Beitrage, ‘v. 96. 
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in its composition from. all other known lime-stones; contain- sah 


ing water, and being composed of two atoms carbonic acid and. 
- three atoms lime. 

Colour dark bluish grey, partly veined with white. Ex- 
ternally appears, as if it had been rolled; surface uneven, 
Fracture fine earthy passing into splintery. Opaque. Streak 
white. Semihard in alow degree. Rather heavy. : 


Sp. 7. Lucullite, * 
Anthracolite of Werner ; Madreporite of Von Molk, 


This variety of lime-stone was first constituted into.a pecu- 
liar species by Dr. John,. and called by him lucullite, because 
Pliny informs us that Lucullus had distinguished one of its 
subspecies by his own name.+ It has been divided into three 
subspecies. 

Subsp. 1. Compact Lucullite. 


Of this there are two. varieties; common compact and stink- 
stone. 

First Variety. Common black marble. This variety is 
considered by several modern geologists as characteristic of 
the transition class of rocks, Colour greyish black. Massive. 
Internal lustre strongly glimmering. Fracture fine-grained 
uneven, and large conchoidal. Fragments undeterminate an= 
gular and rather sharp-edged. Opaque, Semihard. Streak 
dark ash grey. Brittle. Easily frangible. Specific gravity, 
according to John, 3°000. When rubbed emits a sulphureous 
smell. When heated in an open vessel it becomes white. 

Sreconp Variety. Stink-stone. Colours yellowish or grey- 
ish white, smoke grey, ash grey, bluish grey, and brownish 
grey; pitch black and cream yellow which passes into various 
shades of brown. Massive and disseminated through gypsum 
in plates or grains. Internal lustre dull or glimmering. Frac- 
ture sometimes small splintery, sometimes imperfect conchoidat 
and fine grained uneven. Fragments indeterminate angular 
or slaty. Feiss sometimes in small granular distinct concre- 
tions. Opaque. ‘The cream coloured varieties are translucent 


on the edges. -Semihard. Streak greyish white. Brittle. 
Easily frangible. Specific gravity from 2°677 to 2694. 


When rubbed emits a sulphureous odour. 


* Hoffmann, iv. 2. 129. John, Chem. ~ tales 1. 219. 
+ Marmor Lucolleum. Plinii Natur, Hist. Lib. xxxvi. cap. 6, 
t Breithaupt. 
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Subsp. 2. Prismatic Lucullite. 


Colours greyish black, pitch black and smoke grey. Massive. 
External surface sometimes delicately longitudinally streaked. 
External lustre dull or glistening, internal shining and splen- 
dent, and intermediate between vitreous and resinous. Frac- 
ture minute curve foliated ; sometimes conchoidal. Fragments 
indeterminate angular, sometimes inclining to rhomboidal. 
In prismatic distinct concretions. Opaque or translucent on 
the edges. Semihard. Streak grey coloured. Brittle. Ea- 
sily frangible. Specific gravity from 2°688 to 2°703.* When 
rubbed gives out a sulphureous smell. 


Subsp. 3. Foliated Lucullite. 


This subspecies occurs abundantly in the neighbourhood of 
Sunderland. Colours yellowish, greyish and greenish white; 
also bluish grey, and greyish and velvet black. Massive, dis- 
seminated and crystallized in acute six-sided pyramids. In- 
ternal lustre glimmering and shining. Fracture minute foli- 
ated. Fragments rhomboidal. In fine granular concretions. 
Translucent. Semihard. Brittle. Easily frangible. When 
rubbed it emits a sulphureous smell. But I have found it 
sometimes to lose that property by keeping. Specific gravity 
2°650. + | 

Sp. 8. Arragonite. t 


This mineral was first found in Arragon imbedded in gyp- 
sum; afterwards in the Pyrenees at Saltzburg and in Scotland. 


Colour greenish and pearl-grey; in the middle often violet 


and green. Always crystallized in six-sided prisms, four of 


the angles of which are 116°, and the other two 128° § ; or 


having two opposite faces larger. Longitudinally striated. 
Lustre glistening, glassy. Fracture between imperfect foli- 


-ated and fibrous. Colour arranged in the direction of the 
fibres ; the longitudinal fibres green, the transverse violet blue. 
‘Cleavage double; one parallel to the axis, another forming 
-with the first an angle of 116°. Translucent. Refracts 


doubly. Scratches calcareous spar. Brittle. Specific gra- 
vity 2°9468.| 


* John. + Ibid. 

t Kirwan, i.87. Brochant,i.576. Hauy, iv. 337. Hoffmann, iil. 177. 

§ Haiiy, Ann, de Chim. et de Phys. v. 439. 

| What is called arragonite from Braunsdorf has a specific gravity of 
3-488. But Klaproth has shown that it isa carbonate of strontian. 
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Arragonite has been divided into three subspecies, the com= chap. 1. 
mon, columnar, and acicular, from the shape of the distinct ~~~ 
concretions. ; 

From a very careful analysis of pure carbonate of lime, I composi- 
have satisfied myself that it is a compound of args 

Carbonie acid’ +, 2°75 *. 0 4% 
PGC ees ae ks OO cys 2 eC Oe 


ea 


100 

Such is the composition of calcareous spar, and the finer 
kinds of granular limestone. Aphrite, agaric mineral, and 
chalk, owe their peculiar appearance to their being mechanical 
deposites. This seems to be the case also, though to a less 
extent, with compact limestone. Blue vesuvian limestone isa 
hydrate composed of 2 atoms water, and 3 atoms carbonate of 
lime. Lucullite contains sulphur and charcoal in minute 
quantity. Arragonite has been shown by Holme to contain 
water in minute quantity, and by Stromeyer to contain a little 
carbonate of strontian. Common arragonite he found to con- 
tain 4 per cent. of carbonate of strontian, while columnar ar- 
ragonite contains only two per cent. But Bucholz analysed 
various species of this mineral without being able to detect any 
strontian whatever in it. Stromeyer is of opinion that arra- 
gonite assumes the crystalline form of carbonate of strontian. - 
By this hypothesis he endeavours to remove the anomaly 
which the peculiar crystalline form of arragonite has hitherto 
exhibited in the theory of crystals. But I have not yet seen 
sufficient evidence to satisfy me that this hypothesis is correct. 
The following tables which exhibit the composition of the dif- _ 
ferent minerals comprehended under the preceding species will 
enable the reader to judge what foreign bodies each of them | 
usually contains. 
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SIMPLE MINERALS. 


Sp. 9. Dolomite. 


This and the three following species consist of carbonate of 
lime and carbonate of magnesia mixed or united in various — 
proportions. They constitute in fact only one species, but I 
am induced to separate them in order to prevent the confusion 
that would ensue, from arranging so many varieties under one 
name. 

The term dolomite was given to this mineral from Dolo- 
mieu, who first drew the attention of mineralogists to one of 
its most important varieties. One of the varieties which oc- 
curs in great abundance in Great Britain has been long dis- 
tinguished by the name of magnesian lime-stone. 

Dolomite may be subdivided into four subspecies ; namely, 
common dolomite, crystallized dolomite or rhomb spar or bitter 
spar, columnar dolomite, and compact dolomite or magnesian — 
limestone. | 


Subsp. 1. Common Dolomite.* 


Colour greyish white, sometimes inclining to yellowish 
white, sometimes to green. Massive. Internal lustre glisten-, 
ing. Fracture seems foliated, but is not easily discovered, on 
account of the smallness of the distinct concretions. Frag- . 
ments blunt-edged.. In fine granular distinct concretions. 
Translucent on the edges. Semihard.  Kasily frangible. 
Feels harsh and meagre. Rather heavier than limestone. 
Specific gravity from 2°768 to 2°913.t  LEffervesces very 
feebly in acids. 


Subsp. 2. Rhomb Spar or Bitter Spar. t 


This mineral occurs in chlorite and similar rocks in Switz- 
erland, the Tyrol, Sweden, Scotland, &c. and is always crys- 
tallized. Its constituents indicate that it bears the same 
relation to the preceding subspecies that calcareous spar does 
to granular limestone. 

Colours greyish and yellowish white, yellowish grey. Al- 
ways in middle-sized rhombs, nearly similar to the primitive 
crystal of calcareous spar.§. Lustre splendent, between vi- 
treous and pearly. Fracture straight foliated; with a threefold 


* Hoffmann, ii. 1. 57. + Breithaupt. 

t Kirwan,i. 92. Brochant, i. 560.’ Haiiy, ii. 187. Hoffmann, iii. 1. 60. 

§ Dr. Wollaston has shown that the angle in rhomb spar is 106° 15, 
while in calcareous spar it is 105° 5’. Phil. Trans. 1812, p. 159. 
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cleavage ; cross fracture uneven and imperfect flat conchoidal. chap..11. 
Tokeent. Scratches calcareous spar. Brittle. Easily ~~ 
frangible. Specific gravity 2°942 to 3071. * 


Subsp. 3. Columnar Dolomite. t 


Occurs in serpentine in the mine Tschistagowskoy on the 
river Mjafs in Russia.. Colour pale greyish white. Massive, 
generally in pieces about two inches long, covered with an 
isabella yellow botryoidal crust and interwoven with fibres of 
asbestus. Lustre vitreous inclining to pearly. Longitudinal 
fracture narrow radiated with delicate cross rents. Cross 
fracture uneven. In thin, long, straight prismatic concretions. 
Fragments acicular shaped. Feebly translucent. Brittle. 
Specific gravity 2°765. | 


Subsp. 4. Magnesian Limestone. 


This limestone occurs in great abundance in Durham, York- 
shire, and several other of the English counties. In Durham 
it lies over the coal formation. Colour . yellowish grey and 
yellowish brown. Massive. Internal lustre glimmering, and 
between pearly and vitreous. Fracture minute foliated, often 
combined with splintery and even conchoidal. Fragments 
rather blunt-edged. In minute granular concretions. Trans- 
lucent on the edges. Rather harder than calcareous spar. 
Brittle. Specific gravity from 2°777 to 2°823. 

There is a variety of this subspecies, which’ occurs near 
Tinmouth Castle, first observed by Mr. Nicol, which pos- 
sesses considerable flexibility. 

The following table exhibits the composition of these dif- 
ferent subspecies. 


* Breithaupt. 
+ Klaproth, Mag. der Gesellsch. Naturf. Freunde, v. 402. 
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Common Dolomite. Rkomb Spar. | Magnesian Limestonc. 


oe er elstmet ats | 4/5 


oe | ee ee 


— a and 


Carbonate of lime ....| 52 52 515 | 59 | 65|68 | 73 | 568 | 51°50) 62 
Carbonate of magnesia.| 46°5 | 48 48 40°65 | 85 | 25°5 | 25 40°84 | 44°84} 35°96 


Oxide of iron ......-.4 O'S | O72 — pares te a ee | | O36) — ~- 
Oxide of manganese ..| 0°25} — — — jf} — 2°25; — — — 
Clay, water; &c. 2.662.) — — — — |—| & F 20 1°60} 1°60 
toe, 0. rate. oe a 05 o5 |}—| 156 | — | — 2°06| 0°44 


SE 


100°00 |100°2 |100°0 |100°0 |100 |100°0 {100°25 100°00 100°00 |100°00 


* Klaproth, Gehlen’s Journal, ii. 115. The first specimen was fron St. Gothard, and seems to be the same as that 
formerly analysed by Saussure with a very different result; the second from the Appennines, near Castelamare, in the 
state of small sandy particles perceptibly rhomboidal; the third compact, and from the Appennines ; the fourth from 
the Alps; the fifth from an antique marble. 

4 Klaproth, Beitrage, iv. 236. From Hall in the Tyrol. 

t Klaproth, Beitrage, i. 306. From Taberg in Wermeland. 

§ By my analysis Annals of Philosophy, iv. 416. The specimens were from Sunderland. Thé last was flexible mag- 
nesian limestone from the neighbourhood of Tinmouth-Castle. 
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Sp. 10. Miemite. 
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‘This mineral was first observed by Dr. Thompson, of Na- chap. 1. 


ples, and has been named from Miemo in Tuscany, where it 
was first found. It ought to be considered as merely a variety 
of rhomb spar. 

Colour pale asparagus green which passes into greenish 
white. Occurs massive and crystallized in flat double three- 
sided pyramids. Internal lustre shining or splendent, and 
vitreous. Fracture foliated. Fragments rather blunt-edged. 
In granular and prismatic distinct concretions. ‘Translucent. 
Semihard. Brittle. Specific gravity 2885. Its constituents 
are, 

‘Carbonate of lime........ 53°0 
Carbonate of magnesia.... 42°5 
Carbonate of iron........ 3°0 
fe S ONRE IE ae IRE ph NT eR Ge Be: 


100°0* 
It is merely a variety of the preceding species. 


Sp. 11. Gurhofite:+ 


This mineral occurs in great abundance between Gurhof 
anid. Agesbach in Lower Austria. 

Colour yellowish:and snow white. Massive. Lustre dull. 
Fracture flat conchoidal. Fragments indeterminate, sharp- 
edged. ‘Translucent on the edges. Hard, bordering on se- 
mihard. Brittle. Rather tough. Specific gravity 2°760. 
Constituents 


Carbonate of lime .......... 70 or 2 atoms 
Carbonate of magnesia ......°30 — 1 atom 


100 ¢ 


Sp. 12. Brown Spar.§ 
Spath perlé—Sidero-calcite. 

"This mineral occurs in veins, and is usually accompanied 
by calcareous spar and sparry iron ore, Principal colours white 
and red; namely, greyish, yellowish, reddish white; flesh, 

*'Klaproth, Beitrage, ili. 296. | 


+ Klaproth, Beitrage, v. 103. Hoffmann, iv. 2. 164. 
$ Klaproth, Beitrage, v. 103. 


‘§ ‘Kirwan, i. 105. Brochant, i. 563. Haity, ii. 175. Hoffmann, iii. 1. 48. 
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pearl grey, others black. Sometimes spotted. Massive, glo- 
bular, and crystallized. Crystals the same as those of calca- 


reous spar. ‘The following have been observed: a flat and an 


acute double three-sided pyramid, an oblique six-sided pyra- 
mid; also in lenses and rhombs. External lustre shining; 


internal from shining to splendent, pearly. Fracture some- — 


times straight foliated, more commonly spherical curve foli- 


ated. Threefold cleavage, like calcareous spar. Fragments 


rhomboidal. - In granular distinct concretions of all sizes, and 
in straight lamellar concretions. Translucent.’ Crystals 
semitransparent. Scratches calcareous spar. Easily fran- 
gible. Specific: gravity 2°$87. Effervesces slowly in acids. 

A variety of this mineral, hitherto found only in Hungary 
and Transylvania, has been distinguished by Werner as a 
subspecies, under the name of fibrous brown spar. Colour 
flesh red. Massive. Lustre glistening. Fracture straight 
aud diverging fibrous. Fragments splintery and wedge- 
shaped. In other characters it resembles common brown 
spar. ; 

There is a third variety which has been distinguished by the 
name of columnar brown spar, from the shape of its distinct 
concretions. ‘The constituents of brown spar are as follows: 


Carbonate of lime . ..... 51°5 ... 49°19 
Carbonate of magnesia .. $2°0 .. 44°39 


Carbonate of iron ...... TH o. 
Carbonate of manganese... 2:0 ... — 
Oxidetofiron 2 payee — .. 34 
Oxide of manganese .... — .. 1°5 
WE SLOEO ails se oe ee ataisieinss De Oey eo aidae 


LOs8 ok cee eee ek eee rhyme ates 


eee ee 


100°:0* 100:00+ 
Rois ion aero. 


A mixture of carbonate of lime and clay, in which the car- 
bonate considerably exceeds the other ingredient, is in com- 
mon language called mari. Mr. Kirwan has divided marls 
into two varieties: 1. Those which contain more silica than 
alumina; 2. Those which contain more alumina.than silica. 


* Klaproth, Beitrage, iv. 203. + Hisinger, Afhandlingar, iv. 374. 
$ Kirwan, i. 94, Brochant, i. 569.. Haiiy, iv. 455. Hoffmann, iii, 1. 67. 
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He has called the first of these stlzceous, the second argillaceous Chap. U. 


marls. Attention should be paid to this distinction when 
marls are used as a manure. Werner divides marls into two 
subspecies, earthy and indurated marl. 


Subsp. 1. Earthy marl, 


Colour yellowish grey. Composed of dull dusty particles. 
Feels rather meagre. Soils a little. Sometimes loose, some- 
times cohering. 


Subsp. 2. Indurated Marl. 


~ Occurs in the floetz lime and coal formations. Colour grey, 
sometimes yellowish grey. Massive. Lustre dull; sometimes 
glimmering, from foreign particles. Fracture earthy; some- 
times splintery, or imperfect slaty. Fragments indeterminate, 
partly slaty. Opaque or translucent on the edges. Yields to 
_ the nail. Not particularly brittle. Easily frangible. Specific 
gravity from 2°364 to 2°550.* Melts before the blow-pipe 
into a greyish black glass. Falls to powder in the air. Passes 
into limestone and indurated clay. 


Sp..14. Bituminous Marl Slate.+ 


This mineral occurs in beds along with the oldest floétz 
limestone. Often intermixed with ores of copper. Contains 
a great number of petrified fish. Colour greyish or brownish 
black. Massive. Fracture curved or straight slaty. Lustre 
dull. Fragments slaty. Opaque. Soft. Feels soft. Easily 
frangible. Sectile. Specific gravity 2-631 to 2°690.t Streak 
shining. Effervesces with acids Burns before the blow-pipe, 
leaving black scoriz. | 


——_ ip 


The six preceding species may be considered as combina- 
‘tions or mechanical mixtures of carbonate of lime and carbo- 
nate of magnesia. 

In dolomite, miemite, and gurhofite, nothing is present but 
carbonates of lime and magnesia. For any thing that appears 
at present, these two constituents do not exist together in defi- 
nite proportions, which is rather against the supposition that 
they are combined chemically. 


*Breithaupt. + Kirwan, i. 108. Brochant, ii. 574, Hoffmann, ili. 1, 72. 
t Breith upt. 
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Bek itt. In brown spar, besides carbonates of lime and magnesia, 
there appear 1o be present small quantities of carbonates of ; 

iron and manganese. i 

Marl and binedinious marl-slate are mechanical mixtures of 
carbonates of lime and clay. 


II. FAMILY OF PHOSPHATES. 


Family of This family contains only two species, namely, apatite and 
Phosphates. phosphorite. 


Sp. 1. Apatite. 


This species has been divided into two ‘subspecies, common ‘s 
apatite, and conchoidal apatite or asparagus-stone. 


Subsp. 1. Common apatite.* 


This mineral occurs in tin veins, and is found in Cornwall 
and Germany. Werner first ee aaa it a new species, and 
gave it the name which it bears. 

Colours white, green, blue, and red, of various shades: .as 
greyish, reddish, yellowish, and greenish-white; mountain, 
celadon, pistachio, and leek-green; rose and flesh-red; pearl- 
grey; violet, lavender, and indigo-blue; yellowish-brown 
All the colours rather light. Mostly crystallized. The pri- 
mitive form of its crystals is a regular six-sided prism. Its 
integrant molecule is a regular triangular prism, whose height 
is to a side of its base as 1 to ./2.{ Thejsix-sided prisms 
are always low, and sometimes pass into the six-sided table. 
Lateral edges and angles sometimes terminal, frequently trun- 
cated. ‘Lateral faces usually longitudinally streaked ; .acumi- 
nating faces smooth. External lustre splendent; internal 
shining, resinous, approaching vitreous. Longitudinal frac- 
ture imperfect foliated; cleavage fourfold, as in the beryl. 
Cross fracture uneven, SP iatachnie small conchoidal. The 
massive in coarse granular concretions. Transparent and 
translucent. Causes single refraction. Semihard; scratched 
by fluor spar. Brittle. Easily frangible. Specific gravity 
3°248.§ Phosphoresces on hot coals. Becames electric by 
heat and by friction. , 


* Kirwan, i.128. Brochant, i. 580. Haiiy,ii. 234, Hoffmann, ii. 1. 184. 

+ From azalow, because it had been erroneously arranged along with other 
minerals. . 

¢{ Haity, Jour. de'‘Min, No. xxviii. $10. 

§ Breithaupt. 
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This mineral has hitherto been found chiefly at Caprera in Chap. 1. 


Murcia, a province in Spain. It occurs likewise in France. 
and in Norway. It was this species which Romé de Lisle and 
the other French chemists considered as a chrysolite. 

Colour asparagus-gréen, sometimes passing to ereenish- 
white, or pistachio-green; sometimes between orange and 
yellowish brown. Always crystallized in equiangular six-sided. 
prisms, obtusely acuminated by six planes set on the lateral 
planes: lateral edges truncated. Planes longitudinally streaked, 


also smooth. Crystals complete. Internal lustre shining, . 


vitreous. Fracture concealed foliated, passing into uneven. 
Translucent, sometimes nearly transparent. Semihard, ap- 
proaching soft. Lasily frangible. Brittle. Specific gravity 
3°098.+ Does not phosphoresce. 

3 | Sp. 2. Phosphorite.+ 


This mineral forms great beds in the province of Estrema- 
dura. Colour yellowish-white ; often spotted yellowish-grey. 
Massive. Internal lustre ‘dull or glimmering. Fracture im- 
‘perfect curved foliated, inclining to the flori-form foliated ; 
sometimes passes to coarse earthy. F ragments blunt-edged. 
_ Tends to thick lamellar distinct concretions. Translucent on 
the edges. Soft, approaching semihard. Brittle. Specifie 
gravity 2°814. 

There is a substance found at Kobolobanya near Szigeth, 
in the county of Marmarosch in Hungary. It is an earthy 
matter which phosphoresces when heated, emitting a pale 
yellow light. ‘This property induced mineralogists to consider 
it as a variety of fluate of lime, till Hassenfratz analysed it, 
and found it to consist chiefly of phosphoric acid and lime.§ 
Hence it was considered as similar to the phosphorite of Es- 
tremadura. Pelletier examined it soon after, and again re- 
stored it to the place of fluate; having found it a mixture of 
fluate of lime with silica and alumina, and a little phosphorie 
acid, muriatic acid, and iron.|| Klaproth has lately analysed 
it, and shown that the original experiments of Hassenfratz 
“were accurate. Of course, it must be considered as approach- 


* Brochant, i. 586. Vauquelin, Jour. de Min. No. xxxvii. 19. 
“+ Werner. . 
{ Brochant, i. 584. Bertrand, Pelletier, and Donadei, Jour. de Phys, 
AXxvil. 161. 
§ Ann. de Chim, i. 191. {| Ann, de Chim. ix. 225. 
VOL. III. 2D 
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Beck 111. ing the nature of the phosphorite of Estremadura. The re- 
“~—’ sult obtained by Klaproth has been inserted in the following 
table. 

The composition of apatite was first ascertained by Proust. 
Vauquelin was the first of the French chemists who deter- 
mined the composition of asparagus-stone. I do not know if 
it had been previously analysed in Germany. Proust first de- 
termined the composition of phosphorite. A more exact ana- 
lysis was afterwards made by Pelletier, Bertrand, and Dona~- 
dei. The following table exhibits the result of these different 


experiments. 
Apa- Asparagus-stone. Phospho- Hungarian 
tite. rite. phosphorite 
ST Lah eae ap ee te COPEL ES ETA Te REN TR Ge a ee “ 
Ct ees 
Lime ..... PBB 58°75 | 58°82 |S ao «be 47 
Phosphoric acid .| 45 | 46°25| 45°72 - 34 32°25 
&arbonic acid ..) — — ao — 1 bees 
-<Carbon. of lime .| — — — 6 — — 
Muriatic acid ©. .) — — — — 5 = 
~ Fluoric acid ....| — — — — 2°5 2°5 
Cilicia) isc 4. sieddte so — — 1 iy 0°5 
Oxide of iron .. eee — — — 1 0°75 
WAP ACCT cus ly eos ete a ish ome — — 05; — 1 
(Quartz and ‘ fapiddin eae eo ck as ee 
rock mixed 
TGSSV Kae Ne 0°96 0°5 | — Aw 5 


100 re 100:00| 1000 poo 100-00 
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III. FAMILY OF FLUATES. 


This family comprehends only one species; namely, fluor, 
‘which Werner divides into two subspecies. ‘The first is very 
rare, the second very common. | 


* Klaproth, Jour. de Min, No. XXXVil. p. 26. 

+ Klaproth, Beitrage, iv. 194. The specimen was from Zillerthale. It 
was massive, of an asparagus-green colour. Specific gravity 3°190. Prin- 
cipal fracture foliated, cross fracture conchoidal. 

¢ Vauquelin, Jour. de Min. ibid. 

§ Klaproth, Beitrage, v. 180. From Uto. 

\| Pelletier, Bertrand, and Donadei, Jour. de Phys. xxxvil. 161. 

** Klaproth, Beitrage, iv. 366. 


¢ 


STONES. 


Subsp. 1. Compact Fluor. 
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It is found in veins along with the next subspecies in the Chap. m. 


Hartz. Colours greyish-white and greenish-grey ; sometimes 
inclining to blue; sometimes marked with yellow or red spots, 
Massive. External lustre dull; internal glimmering, vitreous. 
Fracture even. Fragments sharp-edged. Scratches calcare= 
ous spar. Brittle. Easily frangible. Moderately heavy. 


Subsp. 2. Fluor Spar.* 


This mineral occurs in beds in the primitive mountains, 
also in veins along with tin, lead, and copper. 

Colours very numerous, being various shades of blue, green, 
yellow, white, red, black, and brown. Several frequently 
occur together. Massive and frequently crystallized. ‘The 
primitive form of its crystals is the regular octahedron; that 
of its integrant molecules the regular tetrahedron.t The 
varieties of its crystals hitherto observed amount to nine. 
These are the primitive octahedron; the cube; the rhomboi- 
dal dodecahedron; the cubo-octahedron, which has both the 
faces of the cube and of the octahedron; the octahedron 
wanting the edges; the cube wanting the edges, and either 
one face, or two faces, in place of each. For a description 
and figure of these, the reader is referred to Mr. Haiy.f 
Surface smooth, sometimes drusy. Lustre of the first splen- 
dent; of the second glistening. Internal lustre splendent, 
vitreous. Fracture foliated; cleavage fourfold. Fragments 
tetrahedral or octahedral. Transparent and _ translucent. 
Refracts singly. In granular and prismatic distinct concre- 
tions. Semihard. Brittle. Lasily frangible. Specific gra- 
vity 3°0943 to 3°1911-§ Its powder thrown upon hot coals 
emits a bluish or greenish light. Two pieces of it rubbed in 
the dark phosphoresce. It decrepitates when heated. Before 
the blow-pipe it melts into a transparent glass. || 

It admits of a polish, and is often formed into vases and 
other ornaments. 

The composition of pure fluate of lime is as follows: 


* Hoffmann, ii. 1. 96. 
+ Hauy, Jour. de Min. No. xxxvili. 325, 
} Ibid. ii. 249. 
Haiiy. 
}) Ibid. No. xxviii, 325. . 
2D2 


e 
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, 9 OS vie t 
LAMB oG Vinee + ae Ap eo OO rio 
Fluoric acid .... 67°75 .. 67°34 .. 65 


——————I ll CET 


Total ....0s6.6.-100°00 100°00 100 


But if we adopt the hypothesis of Ampere and the analysis 
of Davy, which I am inclined to do, the constituents of fluor 
spar are , 

Fluorine ...... 46°69 
Galina ss ees 00 oe 


100°00§ 


IV. FAMILY OF SULPHATES. 


This family consists of four species; namely, gypsum or 


hydrous sulphate of lime, anhydrite or anhydrous sulphate of 


‘lime, vulpinite, glauberite, and polyhalite. 


Sp. 1. Gypsum.|| 


This mineral which abounds in nature, occurs in four 
different situations in beds; namely, in the primitive, the 
transition, the oldest, and the second floetz lime-stone. It has 
been divided into five subspecies. 


Subsp. 1. _ Gypsum Earth. 


Rare. Found in the cavities of the other subspecies, and is 


supposed to be deposited from water filtering through them. 
‘Colour yellowish-white, sometimes nearly snow-white. Of 
the consistence of meal. Lustre dull. ,Opaque. Scarcely 


sinks in water.’ Is not gritty between the teeth. Feels dry 
and meagre. When heated below redness, it becomes of a 
dazzling white. | 


Subsp. 2. Compact Gypsum. 


This and the subsequent species lie over the oldest floetz 
lime-stone. Colour ash-grey. Massive. Internal lustre dull. 
Fracture even: passing into fine splintery. Fragments blunt- 
edged. ‘Translucent on the edges. Very soft. Specific 
gravity about 2:1679. Sectile. Easily frangible. 

* Klaproth, Beitrage, iv. 366. + By my analysis. 

t Richter, as quoted by Klaproth, Beitrage, iv. 361. 


§ Davy, Phil. Trans. 1814, p. 64. Davy found that 100 grains of fluor | 


spar, when converted into sulphate of lime, became 175°2 grains. 
| Kirwan, i. 120. Brochant, 1}. 601, Hai, i:. 266. Hoffmann, 111. 1. 105. 


4 
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This mineral lies over the variegated sand-stone, anh cha- , Chap. 11. 


racterizes that formation. Colours various shades of white; 
grey, and red. Massive and dentiform. Internal lustre glis- 
tening; sometimes shining, pearly. Fracture parallel fibrous ; 
sometimes bordering on radiated. Fragments mostly splin- 
tery. Translucent. Very soft. Rather. sectile. Very easily 
frangible. Sp. er. 2:283. id 


Subsp. 4... Foltated tediin! 


This mineral bears some resemblance to gr anular lime-stone, 
but is much softer. Colours white, erey, St red; sometimes 
yellow, brown, black, ‘of various sHaduy Often spotted. Mas- 
sive; and sometimes in conical lenses imbedded in clay. In- 
ternal lustre shining ; between pearly and vitreous. Fracture 
perfect (somewhat curved) foliated; single cleavage; some- 
times diverging radiated. Fragments indeterminate, blunt- 
edged. In granular distinct concretions; the radiated in 
prismatic concretions. ‘Translucent. Very soft. Rather sectile: 
Hasily frangible. Specific gravity from 2-269 + to 2°289. * 


Subsp. 5. Sparry gypsum, or Selenite. 


This subspecies includes all the crystallized specimens of 
sulphate of lime. Foliated gypsum bears the same relation 
to it that granular lime-stone does to calcareous spar. It oc- 
curs in the oldest gypsum formation, and sometimes in veins. 
Fine specimens are found in Oxfordshire. 

* Principal colour snow-white ; also yellowish and sr ba 
white, and various shades of grey, yellow, and brown. Mas- 
sive and often crystallized. The primitive form of its crystals 
is a four-sided prism, whose bases are oblique parallelograms, 
with angles of 113° 7’ 48” and 66° 52’ 12”. It occurs crys- 
tallized in six-sided prisms, terminated by two-sided: or four- 
- sided summits. For a description and figure of its varieties, 

‘the reader is referred to Romé de Lisle ¢ and Haiiy.$ 

Internal lustre shining, pearly. Fracture perfect foliated, 
with one perfect and two imperfect cleavages. Fragments 
rhomboidal; sometimes in granular distinct concretions. 


Transparent. Refracts doubly. Very soft. Sectile. Easily 


* Breithaupt. t+ Brisson. { Crystallog. i, 144. 
_§. Mineralogie, ii. 270. ‘ 


406 | SIMPLE MINERALS. 


Book 1. split into plates, which are somewhat flexible. Easily fran- 
gible. Specific gravity 2°320.* 
This salt is a compound of 1 atom sulphate of lime and 
2 atoms of water, or its constituents are 


Sulphate of lime.. 79°32 
Water.....++++- 20°68 


100°00 
Sp. 2. Anhydrite.+ 


Muriacite of Werner. 

This mineral seems to have been first noticed by the Abbé 
Poda, who called it muriacile, on the supposition that it is a 
combination of lime and muriatic acid. Fichtel gave an ac- 
count of it in 1794. Klaproth soon after analysed it; but 
mineralogists did not pay much attention to it, till Hauy 
pointed out its characters in the fourth volume of his Minera- 
logy. It was soon after described by Bournon. It was first 
found in the salt pits at Hall in the Tyrol, afterwards in the 
canton of Berne, and in other places. 

It has been divided into the four following subspecies. 


Subsp. 1. Compact Anhydrite. 


It occurs in the salt mines of Austria and Salzburg, and in 
. the first floétz gypsum on the eastern foot of the Hartz moun- 
tains. Colours various shades of white, likewise grey, blue, 
and red. Massive, contorted, and reniform. Feebly glim- 
mering and dull. Fracture small splintery, passing into even 
and small conchoidal. Fragments sharp-edged. ‘Translucent, 
at least on the edges. Scratches calcareous spar, but is 
scratched by fluor spar. Streak greyish white. Rather tough. 
Specific gravity 2°969.* 
Subsp. 2. Foliated Anhydrite. 

It is found along with the preceding subspecies. Usual 
colour blue. Sometimes dark milk-white. Massive. [rac- 
ture splendent, pearly. Fracture foliated. Fragments in- 
determinate, rather blunt-edged. ‘Translucent. Semihard. 
Specific gravity 2°940.t 

Subsp. 3. Sparr'y Anhydrite, or Cube Spar. 


Colour milk-white, which sometimes passes into greyish, 


* Breithaupt, + Hoffmann, iii, 1, 123. { Klaproth. 


a 
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yellowish, and reddish-white, approaching pearl-grey. Mas- Chap. u. 


sive, and crystallized in four-sided prisms, approaching the 
cube, but having two of the opposite lateral faces much broader 
than the other two; sometimes the lateral edges are truncated, 
which converts the crystal into an eight-sided prism ; some~ 
times the truncations are so great as to destroy the narrow 
lateral faces, and then the crystal becomes a six-sided prism.* 
External lustre of the broad faces of the crystal splendent and 


pearly; of the narrow glistening. Internal shining, pearly.. 
Fracture perfect foliated. Cleavage threefold and rectangular. . 
Fragments cubical. In granular and lamellar distinct concre- . 
tions. Translucent. Scratches calcareous spar. Very easily ~ 


frangible. Specific gravity from 2°850 to 2°964.+ 


Subsp. 4. Scaly Anhydrite. 


It is found in the salt mines of Hall in the Tyrol and of 
Wieliczka in Poland. Colour dark milk-white. Massive. 
Lustre splendent and pearly. Fracture.small and fine splin- 


tery. In fine granular scaly concretions. ‘Translucent on the: 


edges.  Kasily frangible. Specific gravity 2°850.t 

This species consists of sulphate of lime without any water. 
Sometimes it contains a small proportion of common salt, pro- 
bably merely mixed mechanically. 


Sp. 3. Vulpinite.§ 


This mineral occurs at Vulpino in Italy. Hence its name. 
Colour greyish-white, veined with bluish erey. Massive. In- 
ternal lustre splendent. Fracture foliated with a threefold 
slightly oblique cleavage. Fragments rhomboidal. In ora~ 
nular distinct concretions. ‘Translucent on the edges. Soft. 
Brittle. Easily frangible. Specific gravity 2°878. Its con- 
stituents are as follows: 


Sulphatesof limews y eek Wh 98 
Silicate ei ey ee A 8 


pee 


100 || 
It ought to be considered as merely a subspecies of anhy- 


drite. 


* Bournon. Tt Bournon, Hatiy, and Klaproth. { Klaproth. 
§ Hoffmann, ii. 1.136. || Vauquelin, 


408 SIMPLE MINERALS. 


Sp. Aw, Glauberite.* 


Book 1, | This mineral was discovered in Spain, at Villaruba near i 

“\—’ Ocana in New. Castile. Its crystals are sometimes solitary, 
sometimes in clusters, and disseminated in masses of salgem. — 
Always crystallized, Crystals in the form of an oblique prism 
with a rhombic base. ‘The angles of the parallelogram con- ~ 
‘stituting the base are 75° 32’ and 104° 28’. The angles of 
incidence between the parallelogram of the base and the adja- 
cent sides are 142°; that between the base and the edge con- 
tiguous to the acute angle of the base is 154°. The faces.of 
the base smooth, those of the sides longitudinally striated. 

The crystals are of a light topaz-yellow, and retain their 
solidity and transparency in the air if they have not been 
wetted. Harder.than sulphate of lime, but softer- than cal- 
careous spar. When heated it splits; decrepitates and melts 
into a white enamel. Immersed in water it soon becomes 
‘white and opaque. When taken out of the water and dried, 
it docs not resume ‘its transparency; but the white coating 
falls to powder, and when rubbed off discovers the nucleus 
unchanged. ‘Specific gravity 2°73. Composed of 


51 anhydrous sulphate of soda 
49 anhydrous sulphate of lime 


‘ 100 
It contains no water of crystallization. 


Sp. 5. Polyhalite.+ 


'Phis is a name given by Stromeyer to a mineral which he 
‘thas recently analyzed. It comes from the salt mines of Ischel 
in Upper Austria, and was by Werner placed as a subspecies 
of anhydrous sulphate of lime undet the name of fibrous mu- 
riacite. ye , 

Colour tile and light blood-red. Massive. Lustre shining, 
pearly. Fracture fibrous. Separates into splintery distinct 
concretions. Translucent on the edges. Soft. Slightly brittle. 
Easily frangible. Specific gravity 3°002.{ Its constituents” 
are as follows: : 


* Brogniart, Nicholson’s Jour. xxiv. 65. 
+ Ann. de Chim. et de Phys. viii, 228. Hoffmann, iii. 1. 136. 
{ Breithaupt. ' 
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‘Common sulphate of lime :.....+...%0% 28°74 
Anhydrous sulphate of lime ........... 22°36 


Sulphate of potash .......:4.. ys) gine fn geet YEO 
Anhydrous sulphate of magnesia, ...4... 20°11 
Common salt ..... ee a ia site Meee ae tay PEAT tre) 
DO xideiof ino Wii fhe laine bie TUR PEN A ne WE 
99°12* 


VV. FAMILY OF BOROSILICATES. 
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Chap. If. 


This family contains two species; namely, datholite and ramity of 


botryolite. 
| Sp. 1. Datholite.+ 


This mineral was first discovered by Esmark, near Arendal 
in Norway. For the discovery of its composition we are in- 
debted to Klaproth. 

Colour greyish and greenish white; sometimes mountain 
green. Massive, and crystallized in flat rectangular and ob- 
lique four-sided prisms, having their-angles truncated. Crys- 
tals small. External lustre glistening, internal shining, resi- 
nous. Fracture small imperfect conchoidal. Fragments inde- 
terminate. In large and coarse granular distinct concretions, 
which have a rough glimmering surface. Semihard in a high 
degree. ‘Translucent.{ Specific gravity 2°980.§ 

“From the analyses of Klaproth and Vauquelin, we learn 
that this mineral is composed of ah 


| Sh 

Siege ae eee ap bag tebivges |r dua ergs gestae YS eira's OOOO 
eas fateh le Midge rar 835°5 eseeseeoceeesetve#ee#essoev ¢ ® 34°00 
eer AC a ee ee ke ea Cad es 21°67 
ee ee Ty Wee a ra Mare 5°50 


100 with a trace of iron. 97°83 
Sp. 2. Boiryolite.++ 
This mineral was first described by Abilgaard under the 


name of semiglobular zeolite. Its chemical properties were 


* Stromeyer, Ann. de Chim. et de Phys. vil. 223. 

t Klaproth, Gehlen’s Jour. vi. 107. Hoffmann, ii. 1. 143. 

t See Karsten, Gehlen’s Jour. vi. 108. §. Klaproth. 
{| -Klaproth, Gehlen’s Jour. vi. 108. 

** Vauquelin, Lucas, Tabl: Method. ii. 71. 

+t Hoffmann, iii. 1. 146. 
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observed by Esmark, and Assessor Gahn ascertained that it 


——’ contains lime, silica, and boracic acid. Klaproth subjected it 


Family of 
silicates. 


to a rigid analysis, and Haussman, from its shape, gave it the 
name by which it is now distinguished. It occurs near Aren- 
dal in Norway. 

Colours externally pearl and yellowish grey; internally 
greyish, milk, and reddish-white in concentric stripes. Bo- 
tryoidal. Surface rough and dull. Internal lustre glimmer- 
ing and pearly. Fracture delicate stellular fibrous. In thin 
concentric lamellar distinct concretions. Translucent on the 
edges. Semihard. Brittle. Specific gravity 2°885.* Be- 
fore the blow-pipe froths and melts into a white glass. Its 
constituents are ; 


SSHICR iE tas cteieeds bs ali Gobeheasthe hate oh 

Boracic acid..... Sie. ole & a eae 

CUTIE u. Loal deka aistigt sate 13°5 

COSTCO. ILON, wu ihovica cre else le 

VV ALOE. psiswoaelalls ele 5 eR eal 6°5 

LOSS nlc eisteiostnie tis: sevaiouete bayou 
100°0 t 


VI. FAMILY OF SILICATES. 


This family contains only one species; namely, éable spar. 


Sp. 1. Table Spar or Schalstone.} 


This mineral has been hitherto found only in the Bannat of 
Tameswar, and in cinnamon-stone rock from Ceylon. Colour 
greyish-white, passes into greenish and yellowish-white, and — 
reddish-white. Massive. Lustre of the principal fracture 
shining, pearly. Principal fracture foliated, with a slight ten- 
dency to splintery and coarse fibrous. Cleavage single. In 
straight thin lamellar distinct concretions, collected into large 
brown prismatic distinct concretions. Translucent. Semi- 
hard., Brittle. Easily frangible. Specific gravity 2°863.{ 
When put into nitric acid it effervesces for a moment and then 
falls into grains. Infusible before the blow-pipe. | Phospho- 
resces when scratched by a knife. Its constituents are 


* Klaproth. + Klaproth, Beitrage, v. 125. 
{ Klaproth, iii. 289. Hoffmann, ii, 1. 55. 
§ Karsten, 
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oe 


100 * 


It is therefore a bisilicate of lime, and consists of 3 atoms of 
bisilicate united to one atom of water. 


__ VII. FAMILY OF ARSENIATES. 


This family contains only one species; namely, pharma- pamity of 
colite. arseniates. 
Sp. 1. Pharmacolite,t Arsenic bloom. 


This salt was first found in the mine Sophia, near Wittichen 
in Suabia, where it occurs in the rents of a granite rock accom- 
panied by cobalt ore. It has since been observed at Andreas- 
berg in the Hartz and in other places. Colour reddish, yel- 
lowish, and snow-white. Occurs as a coating and in delicate 
capillary crystals. Internal lustre glimmering, silky. Frac- 
ture delicate radiated. J'ragments indeterminate, and some- 
times wedge-shaped. In granular distinct concretions. Trans- 
lucent on the edges. Very soft. Easily frangible. Sp. gr. 
2°640.t Its constituents are as follows: 


Arsenic acid...... 50°54 .... 45°68 
NO eile a eueln cer OU Lae ee ee 
DN ALCL ss woe ote CACAO! cadlae Oo SO 
Tse PAM Adelie oll ee RTS 


100:00§ = 100°00 || 
VIII. FAMILY OF TUNGSTATES. 


This family contains only one species; namely, tungstate of amity of 
lime. tungstates. 
Sp. 1. Tungsten.** 


This mineral which is scarce, has hitherto been found only 
in Cornwall, Sweden, and Germany. It is usually massive, 
sometimes crystallized; and, according to Bournon, the pri- 


* Klaproth, Beitrage, iii, 291. 

+ Brochant, 11. 523. Hatiy, 11. 293. Klaproth, iii. 280. Hoffmann, 
iv, 1. 228. 

1 Klaproth. § Klaproth, Beitrage, ill. 281. 

|| John, Gehlen’s' Journal, Second Series, iii. 539. Specimen from An- 
dreasberg. | 

** Hoffmann, iv. 1. 236. 
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Rook I, mitive form of its crystals is an.acute octahedron; the solid ; 
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angle at the summit of which measures 48° on the faces, and 


64° 29’ on the edges.. For.a description of the varieties of \ 


crystallization, the reader is referred to Bournon.* 

Colour yellowish and oreyish-white ; sometimes verges on 
snow-white; passes into yellowish-grey, yellowish-brown, and. 
approaches orange-yellow. Lustre shining vitreous. ‘Trans- 
lucent. Fracture foliated. Fragments indeterminate, rather 
blunt-edged. Sometimes in granular distinct concretions. 


¥ 


Not particularly brittle. Easily frangible. Soft. Specific 


gravity 5°8 to 6:76. Becomes yellow when digested with 
nitric or muriatic acid. Infusible by the blow-pipe. With 
borax forms a colourless glass, unless the borax exceed, and 
then it is brown. With microcosmic salt it forms a blue glass, 
which loses its colour by the yellow flame, but recovers it in 
the blue flame.+ Its constituents are as follows : 


Tungstic acid ...77°75... 75°25 .. 80°417 .. 78 +s 76°5 


ayme | Aas ae 17°60 .. 18°70 .. 19400... 19°06.. 16°5 
Oxoefirons Mahe eRe | RR eee 1°47 
Oxi'of manganiIe 2200 1) VOREBN LY, he a 
Silica’. . ova" ‘1 3t00.. A9G000." Ra, Oa OE eae 
ATMA Wi oie os —avuniiches oy; einsuiinneg 2 ee 


Loos& (cca ocseghateies 765) ape OS. oie) | OURS tore D994 oe ES 


ae ee NN rr ay | SE 


10000 t 100:004 100°000§ 100:00 || 100°0|| _ 


GENUS II. SALTS OF BARYTES. 


This genus comprehends only. two species, namely, the car- 
bonate and sulphate. 


Sp. 1. Carbonate of Barytes**—Witherite. 


This mineral occurs at Anglesark in Lancashire in veins, 


which traverse the independent coal formation. It was dis- — 


covered by Dr. Withering; hence Werner has given it the 


name of Witherite. Usually massive, but sometimes crystal-— 
lized. The crystals are very small and rare. Hence their 


* Jour. de Min. No. lxxv. p. 167. + Scheele and Bergman. 
{ Klaproth, Beitrage, ii. 44. 
_ § Berzelius, Afhandlingar, iv. 305. 
|| Bucholz and Brandes ; Schweigger’s Jour. xx. 285. The first speci- 


men from Schlackenwald, yellowish-white and ofa specific gravity 6°076. — 


The second from Zinnwald, brownish, and of a specific gravity 5°959. 


1; 150. 


** Kirwan, i. 134. Brochant, i. 613. Haiiy, ii. 309. Hoffmann, ili | 
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primitive form has not been ascertained. ‘They are six-sided Chap. 11. 
prisms, terminated by six-sided pyramids, or double six-sided hn ges 
pyramids. Colour yellowish-grey. Principal fracture inter- 
mediate between foliated and radiated; cross fracture uneven, 
Fragments wedge-shaped. Lustre of the principal fracture 
glistening; of the cross glimmering, resinous. Massive va- 
_Yieties composed of wedge-shaped distinct concretions, passing 
into coarse granular. ‘Translucent. Soft. Brittle. Specific 
gravity 4° 3. to 4°338.* Easily frangible. When heated it 
becomes opaque. Its powder phosphoresces’ when thrown on 
burning coals.+ 

According to the anaysis of Klaproth, the constituents of 
this mineral are as follows : 


Carbonate of barytes .......... 98246 
Carbonate of strontian.......... 1°703 
Alumina with iron ....6....0005 0°043 
Carbonate of copper .......... 0:008 
100:000 t 


Sp. 2. Sulphate of Barytes§-—Ponderous Spar—Baroselenite. 


This mineral is found almost always in veins, and frequently 
accompanies metallic ores; sometimes, however, it occurs in 
beds and imbedded. It is sometimes in powder, often in amor- 
phous masses, and often crystallized. The primitive form of 
its crystals is a rectangular prism, whose bases are rhombs, 
with angles of 100° 30’ and 79° 30’.|| The varieties of its 
crystals amount to 14. For a description and figure of them 
I refer to Romé de Lisle ** and Hatiy.t¢ The most common 
varieties are, the octahedron with cuneiform summits, the six 
‘or four-sided prism, the hexangular table with bevelled edges. 
Sometimes the crystals are needle-form. 

Lustre from dull to glistening. ‘Transparency from trans- 
lucent to opaque; in some cases transparent. Soft. Specific 
gravity from 4°4 to 4°5, Colour commonly white, with a shade 
‘of yellow, red, blue, or brown. When heated it decr epitates. 
It is fusible per se by the blue flame of the blow-pipe, and is 
converted into sulphuret of barytes. Soluble in no acid ex- 


* Watt. + Haiiy. . { Beitrage, ii. 86. 

-§ Kirwan, i. 138. aaa i. 617. Haiiy, ii. 295. Hoffmann, iii. 1. 

155. 
\| Haiiy, Essai d’une eebric, p: 119. ** Crystal, i. 588. 
$+ Crystal, i. 588, and Ann. de Chim, xii. 3. and Miner. ii. 298, 
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Book 1. cept the sulphuric; and precipitated from it by water. Wer- 


ner divides this species into eight subspecies; namely, earthy. 
compact, granular, curved lamblier straight lamellar, columnar, 


prismatic, and bolognese. For a minute description of these — 


subspecies I refer the reader to Professor Jameson’s Minera- 
logy. 

The granular subspecies is one of the rarest. It has con- 
siderable resemblance to granular lime-stone; but is easily 
distinguished by its greater specific gravity, which amounts to 
4°380. A specimen ma om Peggau, analysed by Klaproth, was 
composed of | 

Sulphate of barytes.... 90 
UGH a's te baa see LU 


100* 


GENUS III. STRONTIAN SALTS. 


This genus contains only two species; namely, the carbo- 
nate and sulphate. 


Sp. 1. Carbonate of Strontian++—Strontianite. 


This mineral was first discovered in the lead mine of Stron- 
tian in Argyleshire; and since that time it is said to have been 
discovered, though not in great abundance, in other countries. 
It is found amor phage Adee also crystallized in needles, which, 
according to Haiiy, are regular six-sided prisms. It has been 
found at ‘Saltzburg, crystallized i in regular six-sided prisins. 


Colour between asparagus and apple-green, sometimes 


greenish-white. Principal fracture is radiated, the rays di- 
verging; cross fracture uneven. Lustre of principal fracture 
shining, of cross fracture glistening, pearly. ‘Translucent. 


Soft. *Shedific gravity 3° 675.+ nes not decrepitate when’ 


heated. Before the blowpipe becomes opaque and white, but 
does not melt. With borax it effervesces, and melts into a 
transparent colourless glass. Effervesces with muriatic acid, 
and is totally aeolian: The solution tinges flame purple. 
Contains about 2 per cent. of carbonate of lime. 


Sp. 2. Sulphate of Strontian§— Celestine. 
This mineral has been found in Pennsylvania, in Germany, 
in France, in Sicily, and Britain. It was first discovered near 


* Klaproth’s Essays, 1. 376, Eng. Trans. 
+ Hoffmann, iii. 1. 186. } Klaproth § Hoffmann, ili. 1. 190. 
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Bristol by Mr. Clayfield. There it is found in such abund- Chap. Ir. 


ance, that it has been employed in mending the roads. It oc- 
curs often massive, but frequently crystallized. The primitive 
form of its crystals is a four-sided prism, whose bases are 
-rhombs, with angles of 104° 48’ and 75° 12’. The varieties 
of its crystals, as described by Hatiy, amount to seven.* They 
may be referred to four or six-sided prisms, terminated by two, 
four, or eight-sided summits. Scratches calcareous spar, is 
scratched by fluor spar. Specific gravity from 3°5827 to 
3°9581. Causes a double refraction. It may be divided into 
three subspecies.+ 


Subsp. 1. Compact Sulphate. 


This mineral is found in Montmartre near Paris. Colour 
yellowish grey. Found massive in round pieces. Lustre dull. 
Fracture fine splintery. Opaque. LEasily frangible. Sectile. 
Specific gravity 3°5 to 3°596. Contains, according to Vau- 
quelin, 

91°42 sulphate of strontian 
8°33 carbonate of lime 
0°25 oxide of iron 


100°00t 


Subsp. 2. Fibrous Sulphate. 


Colour between indigo-blue and bluish-grey; sometimes 
passes into milk-white. Massive and crystallized. Lustre of 
longitudinal fracture shining; of cross fracture glistening, be- 
tween pearly and resinous. Longitudinal fracture foliated; 
cross fracture fibrous. Fragments splintery. Has a tendency 
to prismatic distinct concretions. Easily frangible. Trans- 
lucent. Specific gravity 3°830.§ 


Subsp. 3. Foliated Sulphate. 


Colour milk-white, often falling into blue. Found massive 
and in crystals. Crystals grouped. Lustre of the crystals 
shining. ‘Their texture straight foliated. Translucent. Found 
in Sicily and in Britain. This subspecies has lately been di- 
vided by Werner into two varieties, the tabular and the pris- 
matic; for a description of which the reader is referred to 
- Hoffmann. 


* Miner. 11.315. + Brochant, i. 642. 
t Jour. de Min. No. lili. 355. § Klaproth, 
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GENUS IV. MAGNESIAN SALTS. 


This genus contains three species; namely, sulphate, anhy~ a 


drous carbonate or magnesie, and borate. 


Sp. 1. Sulphate of Magnesia. 


This salt is frequently found effloresced on the surface of — 


rocks, walls, &c. in different parts of the world. Klaproth 
has shown that the substance from Idria, distinguished by the 
Germans by the name of Haarsalz, is sulphate of magnesia 


nearly pure.* 


lour is snow-white, its texture fibrous; and it has very much 


the aspect of fibrous gypsum. The fibres are small four-sided i 


prisms. Lustre shining, silky. ‘Translucent. Soft. . Brittle. 


Very easily frangible. Specific gravity 1°5577. Taste in- — 


tensely bitter. Not altered by exposure to the air. Very so- 
luble in water. I found its constituents 


Sulphate of magnesia .... 48°6 
Sulphate of soda ....++++ 14 


But the most perfect specimen of this mineral ¢ 
which I have seen is found at Calutayud in Arragon. Its co- | 


Wiater- > savet~"es afiiers Atela OOO _ 


100°0+ 


Sp. 2. Anhydrous Carbonate or Magnesite. 


This species was discovered by Dr. Mitchell in serpentine t 


; rocks in Moravia. Colour yellowish-grey, passing into cream- — 
yellow. Marked with blackish-brown spots. Massive, tuber- 


ous. Internal lustre dull. Fracture in the great large flat : 


conchoidal, in the small splintery. Fragments sharp-edged, © 


Scratches carbonate of lime; scratched by fiuate of lime, — 
Opaque. Somewhat sectile. Not particularly easily fran- 3 


gible. Feels rather meagre. Adheres strongly to the tongue. 


Specific gravity 2°915. When rubbed on woollen cloth it ac- 


quires positive electricity. Infusible before the blow-pipe. 


The following table exhibits the result of the different ana-_ 


lyses of this mineral hitherto made: 


* Beitrage, ili. 104. + Annals of Philosophy, ix. 483. 
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Toit at th eee Chap. It. 
ee 


Mile Sale vas at Ciena 

Carbonic acid 26. ese --| 49 | 52 | 51:00) 47 50°7643 
Penney 45. . sis oe --| 48 | 48 | 46°59) 45°42) 47°6334 
mrtican rth, 2's , 4) daa oto — | — — A 5 — 
Alumina ..... seeeeeess) — | — | 1°00! O'5 er 
MEH ay eats At soeceees) — | — | O16! O':28 it 
Oxide of iron .......... — | — | O25! os — 
Oxide of manganese ...,) — | — | — — 02117 
Water 0": Cig te te Tyree St 1:00} 2:0 1°3906 

L00 100 /100°:00|100:00 100:0000 


From these analyses we see that the mineral is a combina~ 
tion of 1 atom of carbonic acid and 1 atom of magnesia, 


Sp. 3. Borate of Magnesia.§ 
Boracite. 


This mineral has been found at Kalkberg, near Luneburg, 
seated in a bed of gypsum, and likewise near Kiel. It is crys 
tallized. The primitive form of its crystals is the cube.|| In 
general, all the edges and angles of the cube are truncated ; 
sometimes, however, only the alternate angles are truncated.** 
The size of the crystals does not exceed half an inch ; usually 
much less. ; 

Internal lustre glistening, between adamantine and vitreous. 
Fracture between imperfect small conchoidal and fine-grained 
uneven. External lustre shining; internal glistening, greasy. 
Translucent. Semihard. Specific gravity 2°566.4+ Colour 
yellowish, smoke, and greyish-white; sometimes passing into 
_ greenish-white and asparagus green. When heated it becomes 
electric; and the angles of the cube are alternately positive and 
-negative.{{ Before the blowpipe it froths, emits a greenish 
light, and is converted into a yellowish enamel, garnished with 
small points, which, if the heat be continued, dart out in 
sparks.§§ 

* Klaproth, Beitrage, v. 100. 

+ Bucholz, Ann. de Chim. lxxiv. 76. 

_ { Stromeyer, Schweiggver’s Jour. xiv. 1. 

§ Kirwan, i. 172. Brochant, i. 589. Haiiy, ii. 337. Hoffmann, iii. 1. 138. 

|| Hatiy, Jour. de Min. No. xxviii. 325. 

** Hatiy and Westrumb. tt Westrumb. 

t{ Haity, Westrumb, and Ann. de Chim. ix. 59. 

§§ Le Lievre, Jour. de Min. and Ann. de Chim. ix. 59. 
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Besides borate of magnesia, Westrumb found in it lime in a 


““~—’ considerable quantity ; but a more recent analysis of Vauque- 


lin and Schmidt has shown, that the lime was merely mixed 
in the state of a carbonate. 

The following table shows the constituents of this species, 
according to the best analyses hitherto made: 


Boracic acid. .... 68°00 .... 83°% «+0» 55°68 


Magnesia .....- 13°50. 20. 21 G:G pawns? 
Tiinse a } .).rde's 6 11°00 .....-—— co 
Silica eric err 9 100+ 2°27 
ARinth'd oye... 1 re HS sees 
Oxide or wom TT OTD ce ae et . O45 
Bb .Gesth) Re, ape eee ata hese rae 1 6 
100°00* 100°00 £ 


GENUS V. ALUMINOUS SALTS. 


I have no doubt that this genus will hereafter become 


' much more extensive than it is at present, and that it will in- 


clude many of those which I have left in the first order of 
stony bodies. At present, I shall venture to introduce only 
the following seven species. 


Species 1. Alum. 


This salt occurs in capillary crystals on slate clay. I have 
a'specimen of octahedral crystals of alum, picked up by my 
friend, Mr: Macintosh of Glasgow, from the alum-slate at 


Whitby. The capillary crystals I consider as not perfect — 


alum; but there can be no doubt respecting the octahedral 
crystals. | 


Sp. 2. Aluminite, or Subsulphate of Alumina. 


This mineral was first found in the alluvial strata round — 
Halle in: Saxony. Mr. Webster, and Mr: Smithson Tennant 
more lately found it at New Haven, near Brighton, in the 
south of England. : 


Colour snow-white. In small reniform pieces. Dull. Frac-_ 


ture fine earthy. Opaque. Soils slightly. Streak glistening. 
Adheres feebly to the tongue. Very soft. Feels fine, but mea- 


ere. Specific gravity 1'669. Its constituents areas follows : | 


* Westrumb. + Vauquelin.. 
+ Pfaff, Schweigger’s Journal, viii. 131. 


| 
| 
| 
| 
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LOG D1 5) Bona 23°365| 23°554 
32°50} 31:0} 29°868! 30:263 30°807 


Sulphuric acid. . 
Alumina ; . .% jc) 


Wrater Ae ae 45°0 46°762 46°372 45°639 
silica’ ha itiaen al “Orde : 

PAG UPR Aae Ns v5 bs pnhs ath or 
Oxide of iron ..} 0°45 


Tigasiie p29 iio) « 


100°00 | 100°0| 100°000 100°000 } 100:000 


ew 05 ae Lid Ae 


It is obvious from Stromeyer’s analysis, that it is a com- 
pound of 1 atom sulphuric acid, and three atoms alumina, and 
that it contains the same proportion of water as alum, or it is 
a compound of 1 atom subtritosulphate of alumina, and 9 
atoms water. 


Sp. 3. Mellite.§ 
Honeystone—Mellate of Alumina, 


This mineral was first observed in Thuringia, between lay- 
ers of bituminous wood and earth coal, It has since been 
found at Langenbogen, in the circle of Saal. It is of a honey- 
yellow colour (hence its name,) and is usually crystallized in 
small octahedrons, whose angles are often truncated. Surface 
smooth. Lustre splendent. Translucetit. Refracts doubly. 
Fracture perfect conchoidal. Soft. Specific gravity, according 
to Klaproth, 1-350. When heated it whitens; and in the 
open air burns without being sensibly charred. A white mat- 
ter remains, which effervesces slightly with acids, and which at 


first has no taste, but at length leaves an acid impression upon 


the tongue. 
Its constituents are 


* Simon, Scherer’s Journal, ix. 162. 

+ Bucholz, Gehlen’s Jour. iv. 445. 

} Stromeyer, Schweigger’s Jour. xix. 424. The first specimen from New- 
haven, in Sussex, the second from Halle, the third from Morl. 

§ Emmerling’s Lehrbuch, ii. 89. Wiedeman’s Handbuch, p..639. Abich, 
Crell’s Annals, 1797, ii. 3, Vauquelin, Ann. de Chim. xxxvi. 23, Klaproth, 
Beitrage, iii. 115. Kirwan’s Min. ij. 68. Karsten, Mus. Loch, ij, 385. 
Brochant, ii. 73, Haiiy, iii. 335. Hoffmann, iii. 1, 334, 
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Mellitic acid.....-+-2eee: .. 46 

WA WratiTia hee etelene bee Pench nese 16 

Wratenviita tie serene enee® 58 
100* 


Sp. 4. Phosphate of Alumina or Wavellite.t 


This mineral was found long ago by Dr. Wavell, in a quarry 
near Barnstaple in Devonshire. Dr. Babington examined it 
and concluding, from its physical characters, that it differed 
from al] minerals previously described, gave it the name of 
wavellite, from the discoverer. It has since been found inother 
places. Humboldt brought specimens of it from Huelgayoc 
in South America. 

Of this mineral there are two subspecies, which have been 
distinguished by Mr. Gregor, who had an opportunity of ex- 
amining various specimens of the mineral from the mine called 
Stenna Gwyn, in the parish of St. Stephen’s, Cornwall. 


Subsp. 1. Soft Wavellite. 


It consists of an assemblage of minute crystals attached in 
tufts to quartz, and radiating from the point of adherence. 
Sometimes they adhere pertinaciously ; at others they are easily 
separated. Size of the crystals various ; sometimes they have 
the appearance of a fine powder or down; the larger sort about 
the size of a hair. Seldom above a quarter of an inch in 
length. Seem to consist of four-sided prisms; when broken 
the section is rhomboidal. Colour white. Surface sometimes 
stained ochre yellow. Easily reduced to a powder of a bril- 
liant whiteness. Transparent. Specific gravity 2°22. Infu- 
sible before the blow-pipe. { | 


Subsp. 2. Compact Wavellite. 


It consists of an assemblage of crystals, closely compacted: 
together in the form of mamillary protuberances, of the size of 
small peas, and intimately connected together. A stratum of 
these, about 1th inch thick, is spread upon quartz in the cavi- 
ties of granite. Strize diverge from a centre. Colour the same 


* Klaproth, Beitrage, 11. 114. 

+ Davy, Nicholson’s Jour. xi. 153. Gregor, ibid. xiii. 247. Klaproth, 
v. 106. 

} Gregor. 
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as the preceding. Hard enough to scratch calcareous spar. Chap. 1. 


Specific gravity 2253. Does not imbibe water. Decrepitates 
when suddenly heated.* Does not become electrical or phos- 
phorescent by heat cr fusion. 

From the analyses of Gregor, Davy, Klaproth, and John, 
wavellite was considered as a hydrate of alumina. But it has 
been lately shown by Fuchs and Berzelius, that it is in reality 
a phosphate of alumina. Its constituents, according to the 
analyses of these chemists, are as follows: 


PI NOIG BOUL eerie lava, faye & BDZ BAO, 
VWs) he AONE a if o2 31°20... S535 
PPUONIC BOLO coos, 6 lels\ cindy ser aay ; 2:06 
TU SEs ois Nek ge Pac egy i's —— .... 0°50 
Oxide of iron and manganese . —— .... 1°25 
PGE Tear tah aid p na kicaitce cs wikis 28°00 .... 26°80 


100°32t 99°36 


From the experiments of Fuchs, we learn that his dasionite 
is identical with wavellite. | 


Sp. 5. Phosphateof Alumina and Magnesia, or Azure Stone.** 


This mineral was first made known to mineralogists by Klap- 
roth,++ who gave a short description of it as found at Vorau in 
Austria, and proved that it differed from every other known 
mineral. A substance, to which the same name was given, was 
found afterwards in Stiria near Waldbach, and in the neigh- 
bourhood of Winerisch Neustadt; and described and analysed 
in 1806 by Bernhardi and Trommsdorff.t{+ A mineral was 
discovered about the same time by Baron Von Moll, to which 

the name of mollite was first given. It was afterwards called 
siderite; and Mohs showed that it was the same with the 
azurite. In 1807 Leonhard§§ published a description of the 
laxulite and siderite, which he considers as two distinct species. 
According to him, Bernhardi, Trommsdorff, and Mohs had 
seen only the lazulite and not the siderite. Leonhard’s de- 
scription of the lazulite differs considerably from that of Bern- 


_* Gregor. t Davy. t Fuchs, Schweigger’s Jour. xxiv. 121. 
§ Berzelius; Ann. de Chim. et de Phys. xii. 12. 
|| Schweigger’s Jour. xviii. 288, and xxiv. 122. 
** Hoffmann, ii. 1. 285. tt Beitrage, i. 197. 
tt Gehlen’s Jour. Second Series, i. 204. 
§§ Ibid. in. 101. 
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Book tt. hardi. In 1807, Klaproth* published a description and ana- 


lysis of a mineral from Krieglach in Stiria, which he called 
lazulite, but which obviously differed in its properties both 
from the lazulite and siderite of preceding writers. ‘The name 
azurite is here confined to the mineral: originally pointed out 
by Klaproth as from Vorau. 


It occurs imbedded in mica slate, and according to Leon- 


hard in the rifts of clay-slate., Colour intermediate between 


berlin and smalt blue. Disseminated and in crystals, which 
are imperfect, but appear to be very oblique four-sided prisms.t 
The sides of the prisms are sometimes smooth, sometimes 


faintly streaked longitudinally. Lustre shining, vitreous. Lon- 


gitudinal fracture imperfect foliated, cross fracture small grained 
uneven. Fragments indeterminate, rather sharp edged. Opaque 
or nearly so. Semihard. Brittle. Easily frangible. Speci- 
fic gravity 3:057.{ Infusible before the blowpipe per se ; but 
loses its colour, tinges the flame blue, and splits into small 
pleces. 


Its constituents, according to the analysis of Professor. 


Fuchs, are as follows: 


Phosphoric acid ........ 41°81 


Alnminans ehocsiee Hl Dieate IB Te gi 4 
Maonesia...... sracoina toe insite Oe 
Silter ora. i Uae. ae seek?’ Hada 
Protoxide of iron ...... 2°64 
Water pee Cee cores .. 6°06 
97°68 § 


The blue colour of this mineral is probably owing to the 
presence of some phosphate of iron. 


Sp. 6. Silicate of Alumina or Bucholzite. | 


This is a name given by Brandes to a mineral which occurs 


in the Tyrol, and which was sent to him by Professor Weiss, 


under the name of fibrous quartz. 

Colour white, interspersed with black spots, sometimes it 
has a shade of blue. Lustre shining, waxy, and pearly. ‘The 
principal fracture is fibrous, and most remarkably so in the 


* Beitrage, iv. 279. 


+ Bernhardi describes the crystals as octahedrons ; but Leonhard says he 


never perceived any such figure in the azurite of Saltzburg. 
{ Fuchs. § Schweigger’s Jour, xxiv. 373. \| Ibid. xxv. 125, 
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black spots. ‘The cross fracture is conchoidal. Fragments ctap.1m. 


wedge-shaped, and sharp-edged. When in thin fragments it 
is weakly translucent, Anns ihe in the white parts ie the mi- 
neral, Hard enough to scratch glass; but scratched by quartz. 
Its constituents, according to Brandes’ analysis, are as follows: 


Uo ee ek Oe se ee 


PML os ea as ela Te OO 
“C)xidetor not eee A bes 
lf 620-0 Gage ROME Plein TR te Bg ae 

100°0 


From the variation in the colour of this mineral, it is pro- 
bable that the oxide of iron is only mechanically mixed. 
Hence the mineral is a neutral silicate of alumina, mixed with 
a very small portion of silicate of potash. 

The composition of the mineral called nepheline is almost 
the same with that of Bucholzite. Hence there is every 
reason to expect that they belong to the same species. 


ide Recseha out Cay 
This mineral has been hitherto found only at Arksut, about 
30 leagues from the colony of Juliana Hope in West Green- 
land. From this spot it was brought to Coperihagen, where 
it lay for eight or nine years unnoticed, till at last it was ana- 
lysed by Abilgaard. Many specimens of it were collected by 


Giesecké.- They were captured on their passage to Copen- 


hagen, and fell into the hands of Colonel Imrie and Mr. Tho-: 


mas Allan of Edinburgh. ‘The primitive form of its crystals 
seems to be an octahedron, whose faces are isosceles triangles. 
Its colour is greyish-white. Fracture imperfect foliated. Frag- 
ments cubic or tabular. ‘Translucent. Hardness inferior to 
that of fluor spar. Brittle. Specific gravity 2°949. Melts 
before it reaches a red heat, and when simply exposed to the 
flame of a candle.t Abilgaard analysed it, and obtained fluoric 
acid and alumina. Klaproth proved that it contains also soda. 
The result of his analysis is as follows: 


40°5 fluoric acid and water 


36°0 soda ’ 
23°5 alumina 


100°0 
* Hoffmann, iil. 1. 204. 


tT Hence its name from xpucs and ios, as if it melted as easily as ice. 
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Bok. ‘This analysis has been confirmed by Vauquelin.* 


Noes ae 


CLASS II. SALTS. 
Under this class 1 comprehend all the combinations of al- 
kalies with acids which exist in the mineral kingdom. They 
constitute the following genera and species : 


GENUS I. POTASH. 
Sp. 1. Nitrate of potash. 
GENUS II. SODA. 


Sp. 1. Carbonate of soda. 
2. Sulphate of soda. 
3. Common salt. 
4. Borax. 
5. Reissite. 


GENUS III. AMMONIA. 


Sp. 1. Muriate of ammonia, 
2. Sulphate of ammonia. 


GENUS I. SALTS OF POTASH. 
Sp.1. Nitrate of Potash. 

This salt is found native, mixed with nitrate of lime, mu- 
riate of potash, and other impurities, encrusting the surface of 
the earth, in different parts of India, the Cape of Good Hope, 
Peru, Spain, Molfetta, &c. It is most commonly in fine capil- 
Jary crystals. Sometimes, though rarely, massive, or in six- 
sided prisms. A specimen of native nitre from Molfetta, ana- 
lyzed by Klaproth, contained 

Nitrate of potash ...... 42°55 
Sulphate of lime........ 25°45 
Carbonate of lime ....-. 80°40 
Muriate of potash ...... 0°20 
Lose:pu it baa tanto eae ee! 


100°:00T 
GENUS II. SALTS OF sODA. 
Sp. 1. Carbonate of Soda. 


Uhis salt s found in Egypt on the surface of the earth, and 
on tne margin of certain lakes which become dry during the 


* See Gilbert, lxi. 177. + Beitrage, i. 317. 


~—— a 
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summer. It has often the appearance of a rough dusty pow= chap. 1. 
der, of agrey colour and alkaline taste. It occurs in China, 
where it is called kien; near Tripoli, where it is denominated 
trona ; and likewise in Hungary, Syria, Persia, and India,* 
There are two kinds of it; the carbonate, which is in orey- 
ish or yellowish-white flakes, and the sesquicarbonate, which 
forms solid radiated masses composed of acicular crystals, and 
has hitherto been found only in Africa. 
A specimen of the first kind from Egypt was found by Klap- 


roth to consist of 


Dry carbonate of soda........ 32°6 
Dry sulphate of soda ........ 20°8 
Dry muriate of soda........ ee leO 
Water ei.8 ain ine Madi) 816 


100'0 + 


A specimen of the second, or fibrous carbonate, from the 
interior of Africa, yielded the same chemist 


Soddiuiaiy.c tad Seiden, 37:0 
Garbowicacidy wih. vag all. 38:0 
Water aha «(hb lslfe's be wat at 
Sulphate of soda ....... AN 
100°0t 


Sp. 2. Sulphate of Soda. 


This salt is found in Austria, Hungary, Stiria, Switzerland, 
and Siberia, always in the neighbourhood of a mineral spring. 
It occurs usually in the state of powder, sometimes massive, 
and even crystallized in needles and six-sided prisms. Colour 
, greyish or yellowish-white. | 
A specimen from Eger, analysed by Reuss, contained 


Sulphate of soda ...... 67°024 
Carbonate of soda...... 16°333 
Common’ salt: ore 11°000 
Carbonate of lime...... 5°643 

100°000 


Sp. 3. Retssite. 


This is a complicated salt found in the neighbourhood of 


* Kirwan’s Min. ii. 6. + Beitrage, iii. 80. } Ibid. iii. p. 87. 
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Book 1, Sedlitz, and first analysed by Reuss. Hence the name given 
ait by Karsten. | 


It occurs as.a mealy efflorescence in loose, earthy, dull par-' 


ticles, and likewise crystallized in needles, and in flat six-sided 
prisms. Its colour is snow-white. Its constituents, according 
to the analysis of Reuss, are as follows : 


Sulphate Of 500g 5. 25 wl ais din 66°04 
Sulphate of magnesia.......«, 81°35 
Muriate of magnesia ...... .2. S19 
Sulphate of dime. ing. « ieloie bie OPAZ 


Sp. 4. Muriate of Soda. 


Common salt.is found in immense masses under the earth’s 
surface in many countries, particularly in Poland, Hungary, 


England, &e. Near Cordova, in Spain, there is said to be a 


mountain of common salt 500 feet high, and nearly three miles 
in circumference. It occurs in beds, which are usually very 
short-and thick, and lie over the oldest floetz gypsum forma~- 
tion. Werner divides it into two. subspecies; namely, rock 
salt and lake salt. The latter is salt deposited at the bottom 
of lakes. Rock salt he subdivides into two varieties, from the 
fracture and appearance; namely, foliated and fibrous. For a 
particular description of these the reader is referred to Profes- 
sor Jameson’s Mincralogy.t 


Sp. 5. Borax. 


This mineral is found in different parts of Thibet, &c. It 
is usually mixed with foreign bodies; that of Persia is in large 
crystals, enclosed in a fatty matter. The primitive form of its 
crystals is a rectangular prism, but it occurs usually in six- 
sided prisms, whose edges are variously truncated. Its colour 
is greyish, yellowish, or greenish-white. Fracture foliated or 
conchoidal. ‘Translucent. Refracts doubly.t ‘Tastes sweet 
and somewhat acrid. 

Its constituents, according to the analysis of Klaproth, are 


* Karsten’s Tabellen, p. 57. 
¢ Haiiy, ii. 366. 


¢ Voi. ii. p. 320. 


—— 


SALTS, 427 


Boracic acid eh. 37 Chap. Tr. 
Bodarisada Bhicedeti4-5 j 


100°0 * 
GENUS III. SALTS OF AMMONIA. 
— Sp. 1. Muriate of Ammonia. 


This salt occurs near volcanoes, of which it is a product. It 
is found also in Persia. It is found usually in the state of 
powder in the middle of lava; sometimes in mass, and even in 

very irregular crystals. Colour white, often with a shade of 
yellow or green. Very soft. 

A specimen of this salt from Tartary yielded Klaproth 


Muriate of ammonia ........ 97°5 
Sulphate of ammonia ........ 2°5 
100°0 + 


Sp. 2. Sulphate of Ammonia or Muscagnine. 


This occurs among the lavas of Adtna and Vesuvius. Co- 
lours yellowish-g -orey Onn lemon-yellow. In mealy crusts. Dull. 
Fracture uneven or earthy. Semitransparent or 2 alae Taste 
sharp and bitter. ; 

CLASS III. COMBUSTIBLES. 


‘ This class comprehends all the combustible substances which 
constitute a part of the mineral kingdom, except the diamond 
and the mellite, which have been already described, and the 
metals, which belong to the fourth class of minerals. They 
have been divided it four genera; namely, ; 


1. Sulphur. 3. Bitumen. 
2. Resin. 4. Graphite. 


GENUS I. SULPHUR. 


This genus comprehends only one species, namely, xative 
sulphur ; though perhaps orpiment, usually placed among the 
ores of arsenic, might, without impropriety, be referred to it. 


Sp. 1. Native Sulphur.t 
This mineral occurs commonly in masses of gypsum, lime- 


* Beitrage, iy. 350. f Ibid. iii. 94. 
¢ Kirwan, ii, 69. Brochant, ii. $7. Haiiy, iii. 277. 
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Book II. stone, and marl. It is sometimes found in veins traversing 


primitive rocks; and Humboldt observed it in South America 
in mica slate, constituting a bed along with quartz. 

Colour sulphur-yellow, passing into honey, lemon, and wax 
yellow, with a mixture of grey or brown. Massive, disse- 
minated, and crystallized. The primitive form of its crystals 
is an octahedron, composed of two four-sided pyramids, 
joined base to base. The sides of these pyramids are scalene 
triangles, and so inclined that the plane where the bases of 
the pyramids join is a rhomb, whose long diagonal is to its 
short as 5 to 4.* Sometimes the apices of the pyramids, to 
use the language of Romé de Lisle, are truncated ; sometimes 
they are separated from each other by a prism; sometimes 
they are truncated near their bases, and a low four-sided py- 
ramid rises from the truncature: this pyramid is also some- 
times truncated near its apex. Finally, one of the edges of 
the pyramids is sometimes truncated. For figures of these 
varieties, and for the laws of their formation, the reader is 
referred to Mr. Lefroy.+ 


Surface of the crystals smooth. Lustre splendent; internal 


lustre shining, adamantine. Fracture small-grained uneven, 


passing into splintery. Fragments blunt-edged. Translucent. 
Crystals transparent. Refracts doubly. Very soft. Very 
easily frangible. 

The sulphur in the neighbourhood of volcanoes differs some- 
what in its properties from common native sulphur. 


GENUS II. RESIN.) 


This genus comprehends three species ; namely, amber, 
retinasphaltum, and Highgate resin. 


Sp. 1. Amber. 


This substance, called electrum by the ancients, is found in 
different countries; but most abundantly in Prussia, either 
on the sea-shore, or under ground at the depth of about 100 
feet, reposing on wood coal. It is in lumps of different sizes. 
Werner divides it into subspecies: namely, white and yellow 
amber. 


Subsp. 1. White Amber. 


Colour straw-yellow; sometimes inclining to yellow-white. 


* Romé de Lisle, i. 292... Haiiy and Lefroy, Jour. de Min. No. xxix. 337. 
+ Jour. de Min.. No, xxix. 337. + Kirwan, Mineralogy, ii. 66. 
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Massive. Lustre shining, resinous. Fracture conchoidal. Chap, IL. 


Fragments sharp-edged. Translucent. In other respects “~~ 


agrees with the succeeding. 


Subsp. 2. Yellow Amber. 


Colour wax-yellow, passing into honey-yellow, yellowish- 
brown, and hyacinth-red. In blunt-edged pieces with a rough 
surface. External lustre dull; internal splendent ; between 
resinous and vitreous. Fracture perfect large conchoidal. 
Fragments very sharp-edged. Transparent. Soft. Rather 
brittle. Easily frangible. Specific gravity from 1:078 to 1:085. 


Sp. 2. Retinasphaltum. 


_ ‘T’his mineral, found at Bovey, and described and analyzed 
‘by Mr. Hatchett, belongs to the resin genus, and connects 
this genus with that of the bitumens; retinasphaltum being 
a compound of resin and bitumen. Yor a description of it, 
see vol. il. p. 389. 

In the year 1811 Bucholz published an analysis of a sub- 
stance, which he found in kidney-shaped masses in the town 
ditch of Halle, which is probably only a variety of the re- 
tinasphaltum of Hatchett. Its colour is brownish-yellow. 
Its lustre resinous. It is opaque. Very easily frangible. When 
heated it melts and emits a resinous odour mixed with the 
odour of storax. Bucholz found it a compound of 


Resin soluble in alcohol ............ nett 
Resin insoluble in alcohol (similar toamber).... 9 


100 * 
Sp. 3. Highgate Resin. 

This substance was found at Highgate, near London, while 
work-men were engaged in digging out the new road through 
the hill. 

Colour muddy yellowish-brown. Occursin irregular roundish 
pieces. Lustre resinous. Semitransparent. Surface smooth. 
Brittle. Less frangible than common resin, more frangible 
than copal. Softer than copal. Specific gravity 1:046. When 
heated melts into a limpid fluid, and gives out a resinous and 
aromatic odour. ‘Takes fire at the flame of a candle, and 
burns all away without leaving any residue. Insoluble in 
potash ley and acetic acid; soluble in ether and partially in 
alcohol, 


* Schweigger’s Journal, i. 290. 
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GENUS III. BITUMEN. 


This genus contains four species; namely, petroleum, mine- 
ral pitch, brown coal, and black coal. 


Sp. 1. Petroleum or Mineral Oil.* 


This substance usually flows from rocks of the coal forma-. 


tion, and generally from the immediate vicinity of coal. 
Colour brownish-black. Liquid, but viscid. ‘Translucent. 


‘Lustre shining, resinous. Feels greasy. Wets. Smell bi- 


tuminous. 
Sp. 2. Mineral Pitch. 


The substances arranged under this species occur chiefly in 
veins. Werner divides it into three subspecies, earthy, slaggy, 


and elastic mineral pitch.’ 


Subsp. 1. Earthy Mineral Pitch. 


This is the substance commonly known by the names of © 


mineral pitch and maltha. Colour blackish-brown. Massive. 
Lustre dull; of streak shining, resinous. Fracture earthy or 
small-grained uneven; sometimes nearly splintery. Frag- 
ments blunt-edged. Very soft. Sectile. Easily frangible. 
Feels greasy. Light; almost swims on water. Smell bi- 
tuminous. é 


Subsp. 2. Slaggy Mineral Pitch. 


Colour’ velvet-black; sometimes approaching brownish- 
black. . Massive. Internal lustre splendent to glistening, re- 
sinous. Fracture imperfect, or perfect conchoidal. Fragments 
pretty sharp-edged. Very soft, Opaque. Sectile. Retains 
its lustre in the streak. Tasily frangible. Feels greasy. 
Specific gravity from 1°07 to 1°165. Smell bituminous. 


Subsp. 3. Elastic Mineral Pitch, or Mineral Caoutchoues 


Found in Derbyshire. Colour blackish-brown ; sometimes 
inclining to brownish-black, sometimes reddish-brown. In- 
ternal lustre shining and glistening, resinous ; of streak shin- 
ing. Fracture curved slaty; cross fracture conchoidal. Frag- 
ments slaty. Translucent on the edges. Very soft. Seectile. 
Flexible and elastic. Specific gravity from 0°9053 to 1°233. 
For a minute description of the varieties of this substance, 


* Kirwan, ii. 42, Hatchett. Linnean Trans. iv. 131. Brochant, i. 59. 
Haity, 11. 312. 
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the reader is referred to Mr. Hatchett’s paper in the Linnzan chap. 1. 


Transactions,* 


Sp. 3. Brown Coal. 


This important species has been divided by Werner into 
six subspecies; namely, bituminous wood, earth-coal, alum- 
earth, common brown coal, paper-coal, and moor-coal, 


Subsp. 1. Bituminous Wood.+ 

‘This mineral, which in its shape resembles the stems and 
branches of trees.a little flattened, occurs along with common 
brown coal, usually in the floétz trap and alluvial formations. 

It is found at Bovey in Devonshire, and in Iceland is known 
by the name of surturbrand. 

Colour light or dark-brown, approaching wood-brown or 
brownish-black. Lustre of principal fracture glimmering; of 
cross fracture shining; of the streak shining. Fracture in the 
great slaty, in the small fibrous; cross fracture sometimes im- 
perfect conchoidal. Fragments commonly splintery. Opaque. 
Soft. Sectile. Flexible and somewhat elastic. Light. 


Subsp. 2. Earth Coal.+ 

Found along with bituminous wood in the county of Mans- 
field, and on the Saal often in thick strata. It is kneaded 
with water in troughs, formed in moulds into the shape of 
bricks, and dried; in this state it is used as fuel. 

Colour blackish-brown ; sometimes passes into yellowish- 
grey. Nearly loose. Particles dusty ; soils a little. Internal 
lustre scarce glimmering; streak nearly shining. Falls to 
powder. ¢ 

Subsp. 3. Alum-earth.§ 

Occurs in. beds. in alluvial land, and in the floétz trap 
formation.. Colour blackish-brown. Massive. Lustre dull; 
sometimes glimmering, from mica; of streak shining, Frac- 
ture earthy with a tendency to slaty. Fragments tabular. 
Feels meagre and sometimes greasy. Sectile. Between very 
soft and friable. Its constituents as determined by the analysis 
of Klaproth, are as follows: 


* Under the denomination of asphaltum, in vol. ii. Pp. 386 of this work, 
Tinclude the two first subspecies of mineral pitch. 

+ Kirwan, ii. 60. Brochant, ii. 44. Von Troil’s Letters on Iceland, 
p- 42. Hatchett, Phil. Trans. 1804. Parkinson’s Remains of a Former 
World, p. 104. — 

} Klaproth, iii. 819, | 

§ Brochant,i, $83, Klaproth, Gehlen’s Jour. vi. 44, 
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Gharcogha see. Ye enl965 
Sulphur ..... SP Ae ate 
Sica is ke Pe ibnrs, beeen .- 40°00 
VEN thet Rae 16°00 
Oxide of ironis cast. «Stine 6°40 
Sulphate of iron .......- 1°80. 
Sulphate of lime .......- 1°50 
Magnesia ...+++ eee eres 0°50 


Sulphate of potash ...... 1°50 
Muriate of potash ....... 0°50 
Water’. 2... ease hee ayy 10°75 


101°45 * 


Subsp. 4. Common Brown Coal.+ 

This mineral is found abundantly at Bovey. Colour light 
brownish-black. Massive. Internal lustre shining, resinous. 
Streak lighter. Fracture imperfect large conchoidal. Frag- 
ments sharp-edged. Soft. Sectile. Not very brittle. Hasily 
frangible. Light. 

Subsp. 5. Paper Coal. t 

‘his mineral has been hitherto observed at Skoplan near 
Rolditz in Saxony. Colour blackish-brown. Massive. In- 
ternal lustre glimmering to glistening, resinous. Fracture 


' very thin slaty. Cross fracture appears to be flat conchoidal. 


Splits into paper like distinct concretions. Opaque. Streak 
shining. Very soft. Sectile. Very easily frangible. Light. 


Subsp. 6. Moor Coal. 
- Found in Bohemia and other parts of Germany. Colour 
dark blackish-brown. Massive. Internal lustre glistening, 
resinous; of streak shining. Principal fracture imperfect 
slaty ; cross fracture even, approaching flat conchoidal. Frag- 
ments trapezoidal, approaching cubical. Soft. Sectile. Very 
easily frangible. Light. When exposed to the air it bursts 
and falls to pieces. 
Sp. 4. Black Coal.§ 
Under this species are included almost all the varieties of 
coal that are used in this country for fuel. It is divided into 


* Gehlen’s Jour. vi. 44. 

+ Mills, Phil. Trans. li. 534. Brochant, ii. 47. Scammell, Parkinson’s 
Remains of a Former World, p. 126. Hatchett, Phil. Trans. 1804. 

+ Hoffmann, iv. 2. 138. . § Ibid. 379. 
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six subspecies ; namely, pitch, columnar, slate, cannel, foliated, chap. te. 
and coarse coal. 


Subsp. 1. Pitch Coal—Jet, 


Occurs in all the three coal formations, but most com- 
monly in that which belongs to the floétz trap. 
- Colour velvet-black; sometimes brownish-black. Massive, 
in plates; sometimes in the shape of branches of trees, but 
without a reoular woody texture. Internal lustre shining, re- 
sinous. . Fracture perfect large conchoidal. Fragments sharp- 
edged. Soft. Rather brittle, Kasily frangible. Specific 
gravity 1°308. 


Subsp. 2. Columnar Coal. 


Hitherto found only in the Meissner in Hessia along with 
other subspecies. 

Colour between velvet and greyish-black ; sometimes in- 
clining to iron-blue. Massive. Internal lustre shining, re-- 
sinous, or inclining to semimetallic. Fracture imperfect con- - 
choidal. Occurs in thick columnar distinct concretions with . 
glimmering surfaces. Soft. Rather brittle. Very easily fran- 
gible. Light. Burns without flame, leaying a greyish-white-- 
ash. 

Subsp. 3. Slate Coal. 


This is the common coal of England and Scotland, oc-’ 
curring most commonly in the independent coal formation, 

Colour between velvet and dark greyish-black. Massive. 
Lustre shining, resinous. Principal fracture nearly perfect 
slaty; cross fracture small-grained uneven, passing into even 
and imperfect conchoidal. F ragments sometimes trapezoidal. 
Soft. Approaching to sectile. Easily frangible. Specific 
gravity from 1-250 to 1-370.* 


Subsp. 4. Cannel Coal. 


-Accompanies the preceding ‘subspecies. Found at Wigan 
in Lancashire, and in various parts of Scotland, . 
Colour dark greyish-black. Massive. Internal lustre 
glistening; resinous. Fracture sometimes flat large con- 
_ choidal, sometimes even. Fragments sometimes cubical, 
Easily frangible. Specific gravity from 1-232 to 1°275. Often 
_ cut into various vessels and ornaments. 


* Kirwan. 
VOL, III, 2F 
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Book HT. -  Subsp. 5. Foliated Coal. 
Found in Saxony and Silesia in the independent coal for- — 
mation. Colour between velvet and greyish-black. Massive. ~ 
Lustre of principal fracture splendent; of cross fracture 
glistening, resinous. Longitudinal fracture straight foliated, | 
with a single cleavage; cross fracture slaty. Fragments ap- 
proaching to cubical. Soft. Approaching Sectile. Very | 
easily frangible. Light. | 
Subsp. 6. Coarse Coal. ; 

“Occurs in the neighbourhood of Dresden. Colour dark 
greyish-black. Massive. Lustre glistening. , Cross fracture : 
coarse-grained uneven ; longitudinal generally slaty. Frag- 
ments rather blunt-edged. Semihard; the hardest subspecies 
of coal. Rather brittle. Easily frangible. Heavier than 
the preceding subspecies. in 
The following table exhibits a view of the constituents of 
such of the preceding subspecies of brown and black coal as ~ 
have been hitherto analysed: | 


Bituminous Wood.* Earth Coal.+ : 
Vegetable earth .... 54 Volatile matter .... 62°25 . 
Sulphur ......> wad. soem Chancoak ind spokes j 
Sulphate ofiron .... 10°77 Lime ....+..++- .. 20, 9 
Oxide of iron ......19'7. Sulphate of lime ee ae 
Sulphate of lime....  °7 Oxide of iron...... 1:0 
Stiga NG PNK a 2 Alumina... ...... 05 
Tose cook dene se ee Sand Te TUTE ae 

| 100°0 100°0 
Alum Earth, { 7 Bovey Coal. § 
COHEP COR |. Aiwa mises "16°65  DAECOAL 4.<ip 04 oreceaens nee 
Sulphur ........+- 2°85 Volatile matter ...... 55 . 
Medi siem tee ute Cane 4.0°00 ' a: an 
Aluntinas diaieaiyen. 16:00 | 100 
Oxide of iron...... 6°40 a 


Sulphate of iron.... 1°80 . 
Sulphate of lime.... 1°50 ; 
Magnesia .......- 0°50 

Sulphate of potash.. 1°50 

Muriate of potash .. 0°50 

WATER Mpa tk 10°75 


® Vanquelin. + Klaproth, iii. $19. 
+ Klaproth, Gehlen’s Jour. vi. 44. § Hatchett, Phil. Trans. 1804. 
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GENUS IV. GRAPHITE. 
This genus contains two species ; namely, glancecoal, and 
graphite. 
Sp.1. Glance Coal.* 
Glance coal, so called by the Germans on account of its 
great lustre, is divided by Werner into two subspecies, the 
first of which is much more uncommon than the second. 


Subsp. 1. Conchotdal Glance Coal. 

Hitherto has been found only in the newest floétz trap for- 
mations. Colour iron-black, rather inclining to brown. Sur- 
face tarnished like tempered steel. Massive and vesicular. 
Internal lustre shining, metallic. Fracture large and small 
conchoidal. Fragments sharp-edged. Soft. Rather brittle. 
Easily frangible. Light. Burns without flame or smell. 


Subsp. 2. Slaty Glance Coal—Anthracite—Kilkenny Coal. 


Supposed peculiar to primitive and transition rocks till 
Professor Jameson discovered it in the independent ‘coal for- 
mation in the island of Arran. Colour dark iron-black, sel- 
dom inclining to brown. Massive. Lustre shining, between 
metallic and semimetallic. Principal fracture more or less 
perfect slaty; cross fracture small flat conchoidal. F ragments 
pretty sharp-edged; sometimes trapezoidal. Soft. Easily 
frangible. Between sectile and brittle. Specific gravity 
from 1°415 to 1°800.f 

This species consists of charcoal destitute of bitumen, either 
with or without an admixture of earthy matter. — 


Sp. Z. Graphite.t 
Plumbago. 


This species, like the last, is divided into two subspecies ; 
namely, scaly, and compact graphite. 

Subsp. 1. Scaly Graphite. 

Colour dark steel-grey, approaching to light iron-black. 
Massive. Lustre glistening, metallic; of the streak shining, 
metallic. Fracture scaly foliated; sometimes passing into 
large conchoidal; sometimes slaty and uneven. I’'ragments 
trapezoidal. In granular distinct concretions. Very soft. 


~ 


* Hoffmann, iii. 1. 314. 
t That of Kilkenny coal I find to be 1:4354. 
} Hoffmann, iii, 1. 309. 
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Rook ur, Sectile. Rather tough. Writes and soils. Feels very greasy. 
_“—\— Specific gravity from 1°987 to 2°267.* 


Orders, 


Subsp. 2. Compact Graphite. 


Colour rather blacker than the preceding. Internal lustre 
glimmering, metallic. I’racture fine-grained uneven, passing 
into even; also large flat conchoidal. In other characters. 
agrees with the preceding subspecies. 


CLASS I¥. ORES. 


This class comprehends all the mineral bodies, composed 
either entirely of metals, or of which metals constitute the 
most considerable and important part. It is from the mi- 
nerals belonging to this class that all metals are extracted 4 
for this reason they have obtained the name of ores. | 

As the metals at present known amount to 28, I should di- 
vide this class into 28 orders, allotting a distinct order for the 
ores of every particular metal; but there are several metals 
which have been hitherto found only in other ores. Hence 
the orders are reduced to 24. 

Metals exist in ores in one or other of the five following 
states: 1. In a metallic state, and either solitary or combined 
with each other: 2. Combined with sulphur; 3. In the state 
of oxides; 4. In the state of chlorides; 5. Combined with 
acids. Each order therefore may be divided into the five 
following genera: 


1. Alloys. 4. Chlorides. 
2. Sulphurets. 5. Salts. 
3. Oxides. 


It must be observed, however, that every metal has not 


hitherto been found in all these five states, and that some of 


them are hardly susceptible of them all. Some of the orders, 


‘ 
therefore, want one or more genera, as may be seen from the @ 
\ thy 


following table : 

Orper [. Gold. Onrper IV. Iridium. 
1. Alloys. 1. Alloys. 

Orver IJ. Platinum. Orver V. Tellurium. 
1. Alloys. 1. Alloys. 

Onrpver III. Palladium. Orver VI. Mercury. 


1. Alloys. 1. Alloys. 


* Kirwan. 


2. Sulphurets. 
3. Oxides. 
4. Chlorides. 
Orver VII. Silver. 
1. Alloys. 
2. Sulphurets. 
3. Oxides. 
4. Chlorides. 
5. Salts. 
Orver VIII. Copper. 
1. Alloys. 
2. Sulphurets. 
3. Oxides. 
4. Salts. 
Orver IX. fron. 
t. Alloys. 
2. Sulphurets. 
3. Oxides. 
A. Salts. 
Orver X. Manganese. 
1. Oxides. 
2. Salts. 
Orver XI. Uranium. 
1. Oxides. 
Orver XII. Cerium. 
1. Oxides. 
2. Salts. 
Orver XIII. Tantalum. 
1. Oxides. 
OrvEer XIV. Cobalt, 
1. Alloys. 
2. Sulphurets. 
8. Oxides. 
4, Salts. 
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Orver XV. Nichel. Chap, Ir. 
1. Alloys. 
2, Oxides. 
3. Salts. 


Orver XVI. Molybdenum. 
1. Sulphurets. 
Orver XVII. Tin. 
1, Sulphurets. 
2. Oxides. 
Orver XVIII. Titanium. 
1. Oxides. 
2. Salts. 
Orper XIX. Zine. 
1. Sulphurets. 
2. Oxides. 
3. Salts. 
OrveR XX. Bismuth. 
1, Alloys. 


2. Sulphurets. 
3. Oxides. 


Orver XXI. Lead. 
1. Sulphurets. 
2. Oxides. 
3. Chlorides. 
4. Salts. 


OrvErR XXII. Antimony. 
1. Alloys. 


2. Sulphurets. 

3. Oxides. 

4. Salts. 

Orver XXIII. Arsenic. 

1. Alloys. 

2. Sulphurets. 

3. Oxides. 

4. Salts. 


ORES OF GOLD. 


No metal, perhaps, if we except iron, is more widely scat- situation. 
tered through the mineral kingdom than gold.* Hitherto it 
has been found only in a metallic state; most commonly in 


grains, ramifications, leaves, or small crystals. 


Occurs in 


* Bergman, 
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Book tt, gneiss, mica-slate, clay-slate, also in veins. It is generally 


mixed with quartz, though there are instances of its having 
occurred in calcareous rocks. It is not uncommon also to 
find it disseminated through the ores of other metals; espe- 
cially iron, mercury, copper, and zinc. ‘The greatest quan- 
tity of gold is found in the warmer regions of the earth. It 
abounds in the sands of many African rivers, and is very 


-common in South America and India. Europe, however, is 


not ‘destitute of this metal. Spain was famous in ancient 
times for its goid mines, and several of the rivers in France 
contain it in their sands.* But the principal gold mines in 
Europe are those of Hungary, and next to them those of 
Saltzburg. Gold also has been discovered in Sweden and 
Norway, and more lately in the county of Wicklow in Ireland.f 


Sp. 1. Native Gold.t 


Found disseminated in grains, plates, and small crystals ; 
commonly in cubes, octahedrons, and rhomboidal dodeca- 
hedrons. Fracture hackly. Soft. Ductile. Flexible, but 
not elastic. Very heavy. Native gold is never completely 
pure; it is alloyed with some silver or copper, and sometimes 
with iron. In the native gold found in Ireland, indeed, the 
quantity of alloy appears to have been exceedingly small. 
Werner divides this species into three subspecies, accordin 
to the metal with which the gold ts alloyed. — 73 


Subsp. 1. Pure Gold. 


Colour gold-yellow. It contains only a very minute pro- 
portion of silver or copper. Specific gravity from 17-0 to 
19:0. 

Subsp. 2. Brass-yellow Native Gold. 


Colour brass-yellow. Alloyed with a greater proportion of 
silver or copper. I found the specific gravity of a specimen 
in my possession 14°4567. On picking out the larger pieces 
and weighing them separately, I found their specific gravity 
only 13°6986. A proof. that they were not quite free from 


* Reaumur, Mem. Par. 1718, p. 68. 

+ Lloyd, Phil. Trans. 1796, p. 36. Mills, ibid. p. 38. Nicholson’s 
Journal, ii. 224. , 

t Brochant, 11.89. Haiiy, iii. 374. Jameson, 11.8. 

§ Fabroni affirms that it sometimes occurs in the state of pure gold. 
See Ann. de Chim. lxxii. 25. 
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interstices. On analyzing this specimen, I obtained the fol- Chap. Ug 


following constituents: 


Se (01S epi ener ai 78 
OIEL Me sn. bee ye bs 11°8 
DELVE aa ws wn, | O48 


1 LT RR Ee eR 4 


ic, 100°00 


On dissolving the copper in sulphuric acid, I found it not 
3 Pi if hea ds 
quite free from iron. But as it had been precipitated by a 


metallic plate, I have not ventured to place iron among the 


constitueuts of the ore. 
Subsp. 3. Greyish-yellow Native Gold. 


Colour between steel-grey and brass-yellow. ‘Supposed to 


contain a portion of platinum. Sometimes it contains palla-' 


dium.* 


Sp. 2. Electrum.t 


The term electrum, applied by the ancients to a mixture of 
gold and silver, has been given by Klaproth to an ore from 
Schlangenberg in Siberia, which he found by analysis to be a 
compound of these two metals. 

Its colour is pale golden yellow. It occurs in solitary plates, 
needles, or imperfect cubes, scattered sometimes in a grey- 
coloured sulphate of barytes, sometimes in hornstone. It is 
composed of hs . 
GROTH 8 IR, 0 
Silver hs): wr gh3G 


ORDER II. ORES OF PLATINUM. 


Hitherto no mine of platinum has been discovered. It is 
found in small scales or grains in the sands of the river Pinto, 


* Cloud, Ann. de Chim. Ixxiv. 99. + Klaproth, Beitrage, iv. 1. 

t See Brownrigg, Phil. Trans. xlvi. 584. Lewis, ibid. xlviii. 688; and 
1,148. Margraff, Mem. Berlin, 1757, p. 314. Macquer, Mem. Par. 1758, 
p-119. Buffon, Jour. de Phys. 111.324. Morveau, ibid. vi. 198. Berg- 
man, Opusce. ii. 166. Tillet, Mem. Par. 1779, p. 373, 385, and 545. Crell, 


_ Crell’s Annals, 1784, 1 Band, 328. Willis, Manchester Memoirs, ii. 467. 


Mussin Puschkin, Ann. de Chim. xxiv. 205. Morveau, ibid. xxv. Proust, 
ibid. xxxvi. 186. Brochant, ii. 86. Haiiy, iii. 368. Hoffmann, iv. 2.7. 
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¢ 
pook ut, at Choco, Popayen, and Quito in Peru, and near Carthagena 
“\— in South America. Repository unknown. It occurs also in 


_ Situation 


Brazil in the silver mines of that country, and in the same 
state of small grains as in Peru. It is also accompanied by 
the four new metals which are found in the Peruvian pla- 
tinum.* | 

GENUS I. ALLOYS OF PLATINUM. 


Sp.1. Native Platinum—Platina. 


Colour very light steel-grey, which approaches silver-white. 
Occurs in small grains, sometimes a little convex on one side. 
Lustre shining metallic. Fracture not determined. Soft. 
Malleable. Flexible. Specific gravity never exceeds 17°7.T 
Soluble in nitro-muriatic acid. | 

A mass of native platinum weighing 1 pound 9 ounces and 
one dram, and of an oval figure, was found in 1814 in the 
Quebrada de Apoto, in the province of Notiva in the govern- 
ment of Choco in South America. Dr. Ignaico Hurtado, the 
proprietor, made a present of it to the King of Spain, and it 
is now deposited in the Museum of Madrid. 


ORDER III. ORE OF PALLADIUM. 


Native palladium was detected by Dr. Wollaston in the na- 
tive platinum from Brazil. It occurs in small plates similar in 
colour to native platina, but is easily distinguished by its tex- 
ture, which is diverging fibrous. It contains a small portion 
of platinum and iridium united to it.t 


ORDER IV. ORE OF IRIDIUM. 


Hitherto this ore has been found only mixed with that of 
platinum, in grains so nearly similar to those of that ore as 
scarcely to be distinguishable by the eye. It was first dis- 
covered by Dr. Wollaston, who treated crude platina in con- 
siderable quantities with nitro-muriatic acid. ‘The ore of iri- 
dium remained behind, not being in the least acted on by that 


-menstruum. 


* Wollaston, Phil. Mag. xxxili. 250. Vauquelin has lately detected pla- 


‘tinum in the silver mine of Guadalcanal in Estremadura, a province of Spain. 


In the ore of that mine it is in the metallic state, sometimes in very minute 
quantity, sometimes in the proportion of 10 per cent. In this ore it is not 
mixed with the four newly discovered metals which accompany American 
platinum. This is the first well authenticated instance of the discovery of 
platinum in the Old Continent. Ann. de Chim. Ix. 317. 

+ Wollaston. t+ Wollaston, Phil. Trans. 1809, p. 189. 
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The ore of iridium is harder than crude platina, is not hp. t. 


malleable, appears to be composed of plates of a peculiar lustre. 
Specific gravity 19°5. Composed of osmium and_ iridium 
alloyed together.* 


ORDER V. ORES OF TELLURIUM.T 


Hitherto tellurium has only been found in Transylvania. 
It occurs in the mines of Fatzbay, Offenbanya, and Nagyag ; 
_ which are considered as gold mines, because they contain less 
or more of that metal. Tellurium has been found only in the 
metallic state, combined with gold, silver, or lead. There are 
four ores of it, distinguished from each other since the analysis 


of Klaproth; namely, 
1.) ALLOYS. 


1. Native tellurium. 3. White or yellow ore. 
2. Graphic ore. 4. Foliated or black ore. 


GENUS I. ALLOYS. 
Sp. 1. Natwe Tellurium. 
Aurum Paradoxicum, Problematicum. 


_ This mineral has been found only in the mine of Mariahilf, 
in the F'atzbay mountains in Transylvania. It occurs massive 
and disseminated; and also crystallized, it is said. Lustre 
shining metallic. Fracture foliated. In small eranular dis- 
tinct concretions. Soft. Easily frangible. Specific gravity 
6°115.9 


Sp. 2. Graphic Ore.|| 
Schrifterz. Aurum Graphicum, 


This species has been found only in the mine called Fran- 
ciscus, at Offenbanya in Transylvania. It is usually in the 
state of small six-sided prismatic crystals, grouped together in 
tows, and often disposed in such a way as to have a resemblance 
to written characters. Colour light steel grey. External 
lustre splendent; internal glistening, metallic. Fracture fine- 


* Wollaston, Phil. Trans. 1805. - | Klaproth, i, 1. 

+ Klaproth, iii. 2. Brochant, ii. 480. Hatiy, iv. 325. Hoffmann, iv. 
' 1. 126. 

§ Klaproth. 

|| Klaproth, ui. 16.. Brochant, ii, 482. Haiiy, iv. 827. Hoffmann, 
iy, 1, 129, ‘ 
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Book Il. orained uneven. Fragments sharp-edged. Soft. Brittle. 


Specific gravity 5°723.* 
Sp. 3. White or Yellow Ore. Gelberx of Klaproth. 


This ore has been found only in the mine of Nagyag in 
Transylvania. It seems to bear a strong resemblance to the 
last species. Found disseminated, or crystallized in small 
four-sided prisms. Colour silver-white, passing into brass- 
yellow. Lustre of the principal fracture splendent, of the 
cross fracture glistening, metallic. Fracture in one direction 
foliated, in another small-erained uneven. Soft. Somewhat 
sectile. Specific gravity 10°678.* 

Were we to suppose the lead accidentally mixed, the com- 
position ‘of this ore would agree with that of the last. 


Sp. 4. Foliated or Black Ore. 


This ore is found at Nagyag, and is wrought for the gold 
which it contains. It occurs in plates, or in six-sided tables 
somewhat elongated. Colour between lead-grey and iron- 
black. External lustre splendent; internal glistening, metallic, 


Fracture foliated. Fragments tabular. In granular distinet 
concretions. Stains a little. Soft. Leaves slighty flexible. 


Specific gravity 8°919.* Soluble in acids with effervescence. 
The following table exhibits a view of the constituents of 
these ores, according to the analysis of Klaproth. 
Native. Graphic. Yellow, Foliated. 
§ | sk 17 
Tellurium ..2202°65) 22560 i a bar ee 
Golds.) ee (OSD, FBO ei MEG ee ee 


bron Oy ie waist PIQOE hay vu alias etme eae ahve meee 
Silver). .). 0/6 we opeeseebeinal dtp, CLO odds miNB"S 0 ces ican eee 
BEAU ys sche ine De meee a alba ough —Srivk nate a DO ple aie al cement 
Copper oy Pcie tA s enie aaNet ty une a ee 
Sulphur. 00.8 i OBOE ok aoe 

100°00 100 100°00 100°00 


ORDER VI. ORES OF MERCURY. 


Mercury is found in Europe, particularly in Spain, Ger-— 


* Muller of Reichenstein. 

+ Klaproth, iii. 20. Brockant, ii. 484. Hoffmann, iv. 1. 131. 
+ Klaproth, iii. 26. Brochant, ii. 486. Hoffmann, iv. 1. 134. s 
§ Beitrage, ii. 8. || _Ibid. p. 20. ** Ibid. p.25. Tf Ibid. p.52. 
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many, and Hungary: it is found also in China,* the Philip- chap. a. 
pines, ¢ and in Peru, and perhaps Chili t in South America. | 
The most productive mines of mercury are those of Idria; § 
of Almaden, near Cordova in Spain, which were wrought by 
the Romans; || of the Palatinate;** and of Guanca Velica 
in Peru.tt . 
Mercury has never been found in Britain, nor has any mine 
worth working been discovered in France. 
The following table exhibits a view of all the ores of this 
metal hitherto observed. 


I. Avtoys. 2. Carbo-sulphuret. rege 
1. Native. III. Curoripes. 
g. Amalgam of silver. 1. Horn mercury. 

II. Suteuvurers. 
1. Cinnabar. 


It is from the sulphuret that most of the mercury of com- 
merce is extracted. Mercury occurs in two distinct forma- 
tions; namely, in beds among rocks of clay slate, talc slate, 
and chlorite slate, in primitive mountains; and in the inde- 
pendent coal formation. 


GENUS I. ALLOYS. 
Sp. 1. Native Mercury .tt 


Native mercury is found in most mercurial mines; it is in 
small globules, scattered through different kinds of stones, 
clays, and ores. 

Fluid. Colour tin-white. Specific gravity about 13°6. 


Sp. 2. Amalgam of Silver.§§ Native Amalgam. 


This mineral has been found in the lead mine of Sala, || || in 
the province of Westmannland in Sweden; in the. mines of 
Deux Ponts,*** in the Palatinate; and in other places. It is 


* See Entrecolle’s Lettres Edificantes. ¢ Carreri’s Voyages. 

} See Molina’s Natural History of Chili. 

§ Scopoli, Jour. de Min. No. xxxiy. p. 915. 

|| See Bowle’s Natural History of Spain, and Jour. de Min. No. xxxi. 
#p. 355. 
_ #*& Jour. de Min. Nos. vi. and vii. 

++ See Ulloa’s Memoirs concerning America. 

t+ Brochant,ii.96. Haity, iii. 423. 

~/§§ Kirwan, ii. 223. Brochant, ii. 99. Haiiy, iii. 432. 
‘il| Cronstedt’s Min. x#* Heyer, Crell’s Annals, 1796. 
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Book rit, in thin plates, or grains, or crystallized in octahedrons and 
“~—’ dodecahedrons. 


Constitu- 
“@nt{S. 


Its colour is silvery white or grey. Fracture conchoidal. 
Lustre metallic. Creakswhen cut. Very soft. Specific gra- 
vity above 10. Tinges gold white. Before the blow-pipe the 
mercury evaporates and leaves the silver. 

A specimen of this amalgam, analysed by Klaproth, con- 
tained | 

Mercury.. 64 
‘Silver’... 36 


ee 


| 100 * 
According to Cordier, 


Mercury... 7 
SUVER 5% vie 2 
100°0 t 


Sometimes it contains a mixture of alumina, and sometimes 


the proportion of mercury is so great that the amalgam is — 


nearly as soft as paste. 
GENUS Il. SULPHURETS. 
Sp. 1. Native Cinnabar.t 


This ore, which is found in almost all mercurial mines, is 
sometimes in veins, sometimes disseminated, sometimes in 
grains, and sometimes crystallized. The primitive form of 
this species is, according to Haiiy, an acute rhomboid, the 
smallest incidences of the faces of which are 71° 48’, the great- 
est 108° 12.’ The ratio between the demidiagonals of each 
rhomb is /3 to /8. It occurs sometimes in regular six-sided 
prisms, or at least this form is easily obtained by mechanical 


division. For the other forms of this mineral the reader is ~ 


referred to Haiiy’s description.§ It is divided into two sub- 
species, distinguished by their colour. 


Subsp. 1. Dark Red Cinnabar. 


Colour cochineal red; sometimes falling into lead-grey, 


sometimes passing into carmine-red. Massive, disseminated, 


* Beitrage, 1. 183. + Phil. Mag. xiv. 41. 

+ Kirwan, ii. 228. Brochant, ii. 106. Haiiy, iii, 437. Hoffmann, 
iii, 2. 26. 

§ Ann. de Chim, et de Phys. viil. 66. 
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and crystallized in obtuse rhombs, six-sided tables, six-sided chap. 11. 


prisms, tetrahedrons, and octahedrons.* Internal lustre olis- 
tening, adamantine. Fracture sometimes fine-grained uneven; 
sometimes even and conchoidal; also foliated. Fragments 
indeterminate, blunt-edged. Massive varieties opaque ; crys- 
tals translucent. Streak scarlet red; and shining. Very soft. 
Sectile. Very easily frangible. Specific gravity from 7°710+ 
LOT SOs a4. 
Subsp. 2. Bright Red Cinnabar. 


Colour scarlet red. Massive and disseminated. Internal 
lustre glimmering; of the cross fracture dull. Fracture be- 
tween earthy and fibrous; cross fracture earthy. Fragments 
indeterminate, blunt-edged. Opaque. Streak shining. Soils. 
Very soft. Sectile. Very easily frangible. Heavy. 


Sp. 2. Hepatic Ore or Carbosulphuret.§ 


This ore is divided into two subspecies, distinguished chiefly 
by their fracture. 


Subsp. 1. Compact Hepatic Ore. 


This ore, which is the most common in the mines of Idria, 
is always amorphous, and is often mixed with native mercury 
and cinnabar. Found massive. Colour between dark cochi- 
neal and dark lead grey. Its streak eochineal red and shining. 
Fracture even. Opaque. Internal lustre glistening, semi- 
metallic. Soft.  Sectile. Very easily frangible. Specific 
gravity from 7°100F to 7:186.t When heated the mercury 
evaporates. It is insoluble in nitric, and soluble in muriatic 
acid. || 

Subsp. 2. Slaty Hepatic Ore. 


Occurs in Idria, Almadin in Spain, and in Siberia. Colour 
_as the preceding. Massive. Lustre of principal fracture 
shining; of cross fracture glimmering, semimetallic. Princi- 
_ pal fracture curved thick slaty ; cross fracture uneven, Frag- 
ments slaty. Very easily frangible. In other respects agrees 
with the preceding. 

Dobereiner considers this ore as a compound of mercury 


* Romé de Lisle, iii. 154. 
Klaproth. ¢ Kirwan. 
§ Kirwan, ii. 224. Brochant, ii. 104. Hoffmann, iii. 2.33. Klaproth, 
Gehlen’s Jour. v. 437. . 
lj See Jour. de Phys, xxiv. 61. 
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poox 1, With sulphuret of carbon.* Its constituents nearly correspond 

\“~-—’ to the supposition, that it is a compound of 2 atoms of sul- 
phuret of carbon and 1 atom of mercury. 

The following table exhibits a view of the constituents of 

these species, according to the most recent analysis. 


Cinnabar. Hepatic Ore. 
CULURI ae ee 
if t S ll 


Mercury ..... 81:0 .. 84°50 ...85°00 .. 81°80 
Sulphur .... 15°2 .. 14°75 .. 1425 .. 13°75 


Charcoal ee ee a on te a) ae 

SSIITCAR cc's at ELIE SRE AN Ma eg ge Oe 
Alumina? Fey ee ee 
Lreioer By tp MING Lon I, omer ET a 

Copper ee CE ae eee 

Water. wad Jer hy ho ery Stouts a epee Oe Bs 
Tiss oes 2k RO de ale Ad oe | 


100°9 100°00 100°00 100°00 


GENUS III. CHLORIDES. 
Sp. 1. Corneous Mercury.** 


This ore was first discovered by Woulfe in the mines of the 
Palatinate: it has since been observed at Idria, Spain, and 
other places. Colour ash-grey, which passes into yellowish- 
grey, greyish-white, and sometimes inclines to greenish-grey. 
Usually in small vesicles crystallized within. Crystals rectan- 
gular four-sided prisms, terminated by four-sided rhomboidal 
summits. Very small. Internal lustre splendent, adamantine. — 
Fracture straight foliated; sometimes in fine granular dis- 
tinct concretions. Translucent, at least on the edges. - Streak — 
similar. Soft. Sectile. Easily frangible. Volatilized before’ 
the blow-pipe. fig 

Mr. Woulfe discovered that this ore generally contains some 
sulphuric acid.++ 


* Schweigger’s Journal, xii. 220. 

+ Lampadius, Handbuch zur Chem. Anal. p. 260. 

+ From Japan. Klaproth, Geblen’s Jour. v. 435. 

§ From Neumarktel. Klaproth, Ibid. p. 436. 

|| From Idria. Kiaproth, Ibid. p. 440. 

** Scopoli, Jour. de Min. No. xxxvi. 919. Kirwan, ii. 266. Brochattt, — 
ii,101. Haiiy, iii. 447. 

++ Phil. Trans. Ixvi. 618. 
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ORDER VII. ORES OF SILVER. 


Silver, like gold, is found most abundantly in the tropical 
regions. It occurs usually in the newest primitive formations, 
and most of the species have been observed only in veins. 
The following table exhibits a view of the ores of this metal at 


present known. 


I. ALLOYS. Antimonial. 
Native silver. ‘White silver ore. 
Auriferous, &c. Eukairite. 
Antimonial. III. OXIDES, 
Arsenical. Red silver ore. 
Bismuthic. IV. CHLORIDES. 

II, SULPHURETS. Hornsilver. 
Common sulphuret. V. SALTS. 
Cupriferous sulphuret. Carbonate. 


GENUS I. ALLOYS OF SILVER. 
Sp. 1. Native Silver.* 


Native silver, so called because the silver is nearly in a state 
of purity, forms the principal part of some of the richest silver 
mines in the world. It is sometimes in small lumps; some- 
times crystallized in cubes, hexahedrons, octahedrons, or 
dodecahedrons; sometimes in leaves, or threads, often so con- 
nected with each other as to resemble branches of trees, and 
therefore called dendrites. The silver in the famous mines of 
Potosi has this last form. When newly extracted, it is not 


unlike small branches of fir.+ 


The colour of native silver is white; often tarnished. ‘Lustre 


metallic. Fracture hackly. Harder than gold. Malleable. 


Specific gravity from 10 { to 10°338.§ 

The silver in this species is almost constantly alloyed with 
from ‘03 to ‘05 of some other metal, frequently gold or arsenic, 
or antimony. 


Sp. 2. Auriferous Silver.|| 


_ This alloy is uncommon. It has been observed at Konigs- 


berg in Norway, and at Schlangenberg in Siberia. Its colour 


* Kirwan. ii. 108. Calling. Act. Liter. Svecie, 1738, p. 420. Brochant, 
1,114. Haiiy, iii. 384. Hoffmann, iii. 2. 38. 
’ + Bergman, Phys. Geogr. Jour.de Min. No. xvi. p. 26. 

t Gellert. § Selb. 

|| Brochant, ii, 216. Hoffmann, iii. 3. 44. 
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| Book I. is yellowish-white. Its inetie metallic. Soft. Malleable. 


Specific gravity above 10°6. 
Sp. 3. Antimonial Silver Ore* ; 


This alloy is found in the silver mines of Spain and Ger- 
many, and is sometimes in grains or lumps, and sometimes 


crystallized in four and six-sided prisms, whose sides are longi- | 


tudinally streaked.t » 

Colour between silver and tin-white. Its lustre metallic. 
Soft. Specific gravity from 9:°4406 ft to 10.§ Fracture per- 
fect foliated. In granular distinct concretions. Sectile. 
Rather easily frangible. Before the blow-pipe the antimony 
evaporates in a grey smoke, and leaves a brownish slag, which 
tinges borax green. If borax be used at first a silver bead 
may be obtained. 

This alloy was supposed to contain arsenic, till Bergman 
examined it, and found only silver and antimony. | 


Sp. 4. Arsenical Silver Ore.** 


This ore is very rare, and has hitherto been found chiefly at 


Andreasberg in the Hartz. Colour tin-white. Found dis- — 


seminated in round masses, and crystallized in six-sided prisms 


and pyramids. Lustre metallic. Fracture foliated. Soft. — 


Sectile. Easily frangible. Specific gravity 9°440.-+ Before 
the blow-pipe arsenic flies off, and a button of silver remains. 


Sp. 5. Bismuthic Siiver Ore. 


This ore has been hitherto found only in the mine of Fried- 
_rich-Christian in the Schapbach in the Black Forest. 


Colour pale lead-grey. ' Disseminated and sometimes crys- 
tallized in capillary crystals. Lustre glistening and metallic. 


Fracture fine-grained uneven. Soft. Sectile. asily fran- | 


gible. | 


The following table exhibits the constituents of such of the 


preceding species as have been subjected to chemical analysis. — 


* Kirwan, ii. 110. Brochant, ii. 119. Klaproth, iii. 173. Haiiy, ii. ~ 


$91. Hoffmann, ili. 2. 46. 
+ Romé de Lisle, i. 461. 
.t Hatiy, Jour. de Min. No. xxx, 473. § Kirwan, ii. 11. 
|| Opusce. ii. 415. 
** Kirwan, ii. 111. Brochant, ii, 122, Haiiy, iii, 396. Hoffmann, 
iil. 2. 48. 
++ Haiiy, 
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Silver. Silver, Ore. 
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GENUS II. SULPHURETS. 


Sp. 1. Common Sulphuret of Silver** 


Vitreous Silver Ore—Silver Glance. 


This ore occurs in the silver mines of Germany and Hun- 
gary. It is sometimes in masses, sometimes in threads, and 
sometimes crystallized. Its crystals are either cubes or octa- 
hedrons, or rhomboidal dodecahedrons, whose angles and 
edges are often variously truncated. For a description of the 
varieties produced by these truncatures, the reader is referred 
to Rome de Lisle ++ and Haiiy. tt 

Its colour is dark blackish lead-grey, often tarnished. In- 
ternal lustre metallic. Fracture small-grained uneven. Soft. 
May be cut with a knife like lead. Flexible and malleable. 
Specific gravity 6°909 to 6°804. §§ Ina gentle heat the sulphur 
evaporates. Melts when heated to redness. 


* Fordyce, Phil. Trans. 1776, p. 532. 

+ Klaproth, Beitrage, ii. 301, and iii. 175. 

{ Vauquelin, Haiiy, iii. 392. § Klaproth, Beitrage, i. 187. 
|| Klaproth, Beitrage, ii. 297. 

** Kirwan, iil. 115. Brochant, ii. 134. Haiiy, iii. 398. - 

tt Crystall. ili, 444. : tt Miner. iii. 399. 

§§ Breithaupt. 
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Sp. 2. Cupreous Sulphuret.* 
Silber kupferglanz of Werner. 


Book. ‘This very rare mineral has been hitherto found only at 

“~~ Schlangenberge in Siberia, where it occurs mixed with copper 
pyrites, calcareous spar, hornstone, &c. It was first examined 
and recognized as a new species by Professor Stromeyer, from 
specimens in the museum of Gottingen. 

Colour blackish lead-grey. Massive. Lustre shining or 
glistening, metallic. Fracture flat conchoidal passing into 
even. Jragments indeterminate, not particularly sharp-edged. 
Streak shining. Soft. Sectile. Sp. gr. 6°255.t 


Sp. 3. Antimonial Sulphuret t—Brittle Silver Ore. 


This ore occurs chiefly in Saxony and Hungary, always in 
veins, and usually accompanies dark-red silver ore. Colour 
between iron-black and dark lead-grey. Massive, and crys- 
tallized in six-sided prisms, lenses, and four-sided tables va- 
riously truncated. External lustre splendent; internal shin- 
ing, metallic. Fracture coarse and fine-grained uneven; of 
the crystals imperfect small conchoidal. Streak retains the 
colour and lustre. Soft. Brittle. Very easily frangible. 
Specific gravity 6:000 § Before the blow-pipe the sulphur 
and antimony exhale, leaving a bead, which may be freed from 
iron by fusion with nitre and borax. 


Sp. 4. White Silver Ore.|) 


This ore occurs in considerable quantities in the mine of 
Himmelfurst in Saxony. Colour light lead-grey. Massive. + 
Internal lustre glistening, metallic. Fracture usually even. 
Soft. Slightly sectile. Very easily frangible. Specific gra- 
vity 5°$22, according to Gellert. | 


Sp. 5. Eukairite.** 


This very rare mineral, which hitherto has occurred only in 
minute quantities in Sweden, was named eukatrite (evxaipos) by 
Berzelius, from its fortunately coming to his knowledge just 


* Hoffmann, iv. 2. 176. + Stromeyer. : 
}. Kirwan, ii, 117. Brochant, ii. 188.. Haiiy,. iii, 416.. Hoffmann, : 
lil, 2. 63. 


§ Brandes, Schweigger’s Jour. xxii. 346, 
|| Kirwan, it. 119. Brochant, iii. 150. 
** Berzelius, Ann. de Chim, et de Phys, ix. 357. 
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when he had finished the investigation of the properties of se- 
lenium. This mineral occurs in an old abandoned copper 
mine at Skrickerum, in the parish of Tryserum, in Smoland. 
It is to be met with occasionally, in old collections under the 
name of native bismuth, of Skrickerum. A specimen of it 
was sent to Assessor Gahn, under the name of Swedish ore of 
tellurium. Berzelius analyzed it, and showed it to be a com- 
pound of 2 atoms of seleniuret of copper, and one atom of bi- 
seleniuret of silver. 

Colour lead blue. Lustre metallic. Texture granular, with 
a crystallized aspect. Soft. Sectile. Somewhat malleable. 
Before the blow-pipe it melts, and exhales a strong smell of 
horse radish, leaving a small metallic button. 

The following table exhibits the analysis of the. species be- 
longing to this genus: 


_ 


is Cupreous | Cupreou 7 Eukai 
Sulphuret. nial Sul. 2? P * | White Silver Ore.| “0! 
bieets sulphuret. | sulphuret. rite. 
Merde atin eae ie oe ne 
Silver ....| 84°81| 85 | 84 | 66°5 | 52-272 | 65-5 20°40} 9°25) 38-93. 
Sulphur...| 14:19; 15 | 16 | 12-0 15:782 | 19-4 2°25 | 2 — 
Selenium..| — —|— — — a — — 26-00 
Antimony | — | — | — | 10-0 — — 7°88) 21°5 — 
Lead......5 — |} —}|/—|/ — |) ~— — A48°06| Al — 
lo ar — j|—|]— 5°0 0°333 5°46 2°25) 1°75) — 
Copper...) — —|j— — 30°A78 3°75 —_— — 23°05 
“CO. iG aaa ean ase 0'5 — | 33019) — —- }; — 
Dilicak i.) Se) le eh ae 1-000 0:25; O75) — 
“ETN a Se ee ea — — —- 7 1 8:90 
| ee | 1:00; — | — 5 1135 15881} 1°91} 2°75) 3-12 
100-00 100 |100 {100-0 | 100-000 |100-0000 100:00!100 00/100-00 


eee 


GENUS III. OXIDES. 


lve + 
Sp- 1. Red Silver Ore. tt 
This ore is very common in several German silver mines. 


* Klaproth, Beitrage, i. 172. + Sage, Hatiy, ii. 398. 

{ Klaproth, Beitrage, i. 166. Under the arsenic a little iron is included. 

§ Stromeyer, Gilbert’s Annalen, liv. 114. 

|| Brandes, Schweigger’s Jour. xxii. 344. 

** Klaproth, Beitrage, i. 172 and 175. 

tt Berzelius, Ann. de Chim. et de Phys. ix. 360. 

tf Kirwan, ii. 123. Scopoli de Minera Argenti Rubra. Sage, Jour. de 
Phys. xxxiv. 331 and xli. 370.; and Nouv. Jour. de Phys. ii. 284, Wes- 
trumb, Jour. de Phys, xliii, 291. Klaproth, Beitrage, i. 141. Brochant, ii. 
143. Haiiy, iii. 402. Proust, Jour. de Phys. lix.403. Hoffmann, iii. 2. 67. 
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Book HI. It occurs in masses, disseminated, and crystallized. Werner 


subdivides it into two subspecies, distinguished by their colour 
and geognostic situation: the second being usually accompa- 
nied by native arsenic and white cobalt ore, orpiment, and sul- 
phate of barytes; the first by galena, antimonial sulphuret of 
silver, quartz, calcareous spar, and pyrites. 


Subsp. 1. Dark Red Silver Ore. 


Colour between cochineal red and lead-grey. Massive, dis- 
seminated, and crystallized in equiangular six-sided prisms, 
often variously truncated. Primitive form an obtuse rhom- 
boid, whose plane angles are 104° 28’ and 75° 39’, and the in- 
clination of the faces 109° 28’ and 70° $2’.* External lustre 
splendent ;. sometimes metallic, sometimes adamantine. Inter- 
nal lustre shining, metallic or semimetallic. Tracture usually 
coarse and small grained uneven. Crystallized varieties 1m- 
perfect small conchoidal. Fragments indeterminate, blunt- 


edged. Massive varieties opaque, crystals semi-transparent. 
“Streak cochineal red. Soft. Sectile. Easily frangible. Spe- 


cific gravity from 5°736 to 5:803.t Before the blow-pipe de- 


_crepitates, melts with slight bubbling, emitting a dense smoke, 


which colours the charcoal yellow, and leaves a button of silver. 


Subsp. 2. Light Red Silver Ore. 


Colour passes from carmine red to a medium between co- 


-chineal red and lead grey. Massive, disseminated, and crys- 


tallized in acute six-sided prisms, often variously truncated. 
Internal lustre from splendent to glistening, adamantine. Frac- 


‘ture usually imperfect small conchoidal; sometimes passing 


into coarse and small grained uneven, sometimes to imperfect 
foliated. Fragments indeterminate, pretty sharp-edged. Mas- 
sive varieties translucent on the edges, crystals transparent. — 
Streak aurora-red. Soft. Sectile. Very easily frangible. Spe- 
cific gravity 5443} to 5°617.§ Becomes electric by friction, 
but only when insulated.|| Soluble in nitric acid with effer- 
vescence.** Before the blow-pipe melts, blackens, burns with 
a blue flame, gives out a white smoke with a slight garlic smell, 
and leaves a silver bead.t+ 

‘The composition of this ore was long ambiguous. The older 


* Haity, i11. 403. + Breithaupt. { Gellert. 
§ Breithaupt. || Hatiy, Jour. de Min, xxx. 476. 
** Ibid. xxxi. 518. ++ Vauquelin, ibid. 
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_chemists considered it as a combination of silver, arsenic, and 
sulphur; and Bergman, in several parts of his works, has 
given us these bodies as its constituents.* Klaproth analyzed 
it in 1793, and found only silver, sulphur, antimony, and oxy- 
gen.+ Vauquelin confirmed this discovery soon after, and 
showed from his experiments, that the metals in the ore were 
in the state of oxides.t His opinion was founded upon the 
solution of the ore in nitric acid without effervescence, which 
has been lately denied by Proust. ‘This last chemist has shown 
that there are two kinds of red silver ore, the one containing 
arsenic, the other antimony.§ Though he has not described 
the specimens which he subjected to analysis, yet it is proba- 
ble, from several circumstances, that the first of our subspecies 
is that which contains the arsenic, and the second subspecies 
the antimony. 

The following table exhibits a view of the different analyses 
of this ore hitherto made: 


| DSS Re EN ee SR ee 


PIVOT aoc. cc's es pea Se 60 62 54°27} 56°67! 61 
PARE O A Win Se wince wie to 20°3 18°5 | 16°13} 16°13] 19 
PAU SORT ON: a ostec Ales wales ie 0.53 — —_ — ] 
RINGER os te etcke rsh es : 11-7 | It Ce Teri OF | Srl 
Oz Fen), os ews helen © _ — 11°85} 12°13 
Sulphuric acid.......... 8:0 8 

Sulph. of silver.......... _ — _ — 
————— antimony...... _ — — — 
AVSENICS 5 oss,» — — — — a 
Oxide of iron ..e. le... — — ae a ie 
ey eee ee — — oa nae et 
Water and loss.......... — — ose a ae 


coco! SHl 1] | I | 
| 


100-0 {i00°0 100-00 100-00 !100-0 100 {100-00 


The analyses of Proust differ essentially from all the others, 
in exhibiting the metallic constituents, not in the state of oxides, 
but of pure metals. 


* Sciagraphia, Eng. Trans. p. 80. Opusc. ii. 298. 

+ Beitrage, i. 141. + Jour. de Min. No. xvii. 1. 

§ Jour. de Phys. lix. 403. || Klaproth, Beitrage, 1. 155. 

** Vauquelin, Jour. de Min. No. xvii. p. 4 and 7. 

tt Lampadius, Handbuch, zur Chemischen Analyse der Mineral Korper. 
} Proust, Jour, de Phys. lix. 407 and 409, 
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GENUS IV. CHLORIDES. 
Sp. 1. Horn Silver.* 


This ore-occurs at Johanngeorgenstadt in Saxony, in South 
America, &c. always in veins, and usually in the upper part. 
It is often amorphous, sometimes nearly in powder, and some- 
times crystallized in cubes or parallelopipeds. 

Most frequent colour pearl grey of all degrees of intensity ; 
when exposed to the light it acquires a brownish tarnish. In- 
ternal lustre shining, resinous ; external splendent. Acquires 
a gloss when scraped with a knife. Translucent. Fracture 
between imperfect flat conchoidal and fine-grained uneven. 
Soft. Flexible. Malleable. Easily frangible. Specific gra- 
vity 4°758 + to 4°804.! Before the blow-pipe it instantly melts, 
and gradually evaporates, but may be reduced by adding an 
alkali. 

That this ore contains muriatic acid has been long known. 
Mr. Woulfe first showed that it contained also sulphuric 
acid ;§ and this discovery has been confirmed by Klaproth, 
according to whose analysis this ore is composed of 


Silved See eee Pen OTD | viene TO 
OKYZEN \seacscnn iy stars AEREOE Aw O4 Bema 
Oxide ofsiron en) fer, O00 pn unin eee 
Muriaticacid) ...0h 24. 14°75 2 16S 
Sulphuric acid ........ O'“5 wee. 


ON Petra Yi skids Le eek cB a eee tO lam meee 


97°25|| 100°:0** 


_ The alumina can only be considered as mixed with the ore. 
Sometimes its quantity amounts to *67 of the whole.t+ Klap- 
roth has published the analysis of a varicty of this ore from 
Peru, which differs a good deal in its properties from the pre- 
ceding. 

Its colour is greyish and greenish-white, passing into light 
olive-green. Massive. Lustre splendent, adamantine. T'rac- 
ture conchoidal. Fragments indeterminate. In large and 


* Kirwan, ii. 113. Laxmann, Nov. Comm. Petropol. xix. 482. Monnet, 
Mem. Scav. Etrang.ix.717. Brochant, ii. 127. Haiiy, iii.418. Hoffmann, 
i. 2. &1. 

+ Brisson. { Gellert. § Phil. Trans. 1776. 

| Beitrage, i. 134. ** Ibid. iv. 12. The specimen was from Peru. 

tt Ibid. p. 137. 
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small granular distinct concretions. Translucent. Very soft. Chap. m1 
Perfectly malleable. Very heavy. By Klaproth’s analysis it ~ 
is composed of 

760 silver. 
7°6 oxygen. 
16°4 muriatic acid. 


oot 


100:0 * 


GENUS Vv. SALTS. 
‘Sp. 1. Carbonate of Silver.t 


This ore was discovered in 1788 by Mr. Selb in the mine of 
Winceslas in Suabia. It is sometimes in masses, sometimes 
disseminated through other minerals. 

Its colour is greyish-black. Its streak bright. Its lustre 
metallic. Its fracture uneven. Soft. Brittle. Specific gra- 
vity considerable. Effervesces with acids. Melts easily before 
the blow-pipe. Froths with borax. 

According to Selb, it contains 


79°5 silver. Constitu- 
‘ ents. 

15°5 carbonate of antimony. 

12:0 carbonic acid. 


eed 


100°0 and a little copper. 


ORDER VIII. ORES OF COPPER, 


Copper is one of the most generally distributed metals, and 
occurs in a great variety of states. It is found in almost every 
formation, but is more frequent in the newer primitive than in 
any of posterior date. It is most common in veins, but exists 
also abundantly in beds. ‘The following table exhibits a view 
of all the ores of this metal hitherto described: 


J. ALLoys. 7. Black copper ore. Table of ~ 
: : the speciege 
1. Native copper. 8. Seleniuret. 
Il. Sutpuurets. III. Oxipgs. 
1. Common sulphuret. 1. Red copper ore. 
2. Variegated copper ore. 2. Tile ore. 
3. Copper pyrites. 3. Copper black. 
4, White copper ore. IV. Sats. 
5. Grey copper ore. 1, Anhydrous carbonate. 
6. Tennantite. 2. Blue carbonate. 


* Beitrage, iv. 10. + Kirwan, ii. 112. Brochant, 1. 155. 
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3. Malachite. | Lamellar arseniate. 
4. Mountain green. Lenticular. 

5. Iron shot mountain green. Olive-coloured. 

6. Bismuthic carbonate. 10. Martial-arseniate. 

7. Silicate. 11. Muriate. 

8. Carbo-silicate. 12. Phosphate. 

9. Arseniate. 13. Sulphate. 


GENUS I. ALLOYS. 
Sp.1. Native Copper.* 


Native copper occurs now and then in the greater number 
of copper mines ; sometimes it is in masses, sometimes in plates 
and threads, which assume a variety of forms; and sometimes, 
as in Siberia, it is crystallized in cubes, octahedrons, cubo-oc- 
tahedrons, and six-sided prisms terminated by six-sided pyra- 
mids,f and in tetrahedrons. 

Colour commonly that of copper, but sometimes dark brown. 
Lustre metallic. Streak brighter. Fracture hackly. Flexible 
and malleable. Harder than silver. Specific gravity from 
76+ to 8°5844.§ : 

GENUS II. SULPHURETS. 
Sp. 1. Common Sulphuret.|| 
Vitreous Copper Ore. Copper Glance. Kupferglas, 


This ore occurs in veins and beds both in primitive and 
floétz rocks. Werner divides it into two subspecies, distin- 
guished chiefly by their fracture. 

Subsp. 1. Compact Sulphuret. 

Colour dark lead grey, passing into blackish grey. Has 
often a tempered steel tarnish. Massive and disseminated, and 
rarely crystallized in cubes, six-sided prisms, double six-sided 
pyramids, and octahedrons. External lustre shining, internal 
glistening, metallic. Fracture small-grained uneven ; passing 
into conchoidal. Fragments indeterminate, sharp-edged. 


Streak unaltered. Soft. Sectile. Easily frangible. Specific 
gravity from 4°888 to 5°338.** 


* Kirwan, ii. 127. Brochant, ii. 158. Hiaiiy, iii. 518. Hoffmann, iii. 
2. 84. 

t Haiiy, Jour. de Min. No. xxxi. 509. { Kirwan, Miner. 11. 128. | 

§ Hatiy, Jour. de Min. No. xxxi. 509. ; 

| Kirwan, ii, 144, Brochant, ii 162. Haiiy, ii. 551. Hoffmann, ii, 2. 
103. 

*#* Gellert. 
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Subsp. 2. Foliated Sulphuret. 
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Colour as the preceding. Massive and disseminated. Has chap. 1. 
p S 


not been observed in crystals. Lustre of principal fracture 
shining; of cross fracture glimmering, metallic. Principal 
fracture pretty straight foliated with a single cleavage; cross 
fracture fine grained uneven. Fragments indeterminate, blunt- 
edged. Always in granular distinct concretions. Specific gra- 
vity 5°455.* In other characters agrees with the preceding. 

This species before the blow-pipe melts easily; and while in 
fusion exhibits a green pearl, which, on cooling, is covered 
with a brown crust. Tinges borax green. 


Sp. 2. Variegated Copper Ore. Buntkupfererz. 


This ore is found in masses, or plates, or disseminated; 
sometimes also it is said to be crystallized in octahedrons. Co- 
lour intermediate between copper-red and pinchbeck-brown; 
but when exposed to the air, it becomes first red, and then 
successively violet, azure, and sky-blue, and at last green; and 
all these colours appear often together. Internal lustre shining, 
metallic. Fracture small imperfect conchoidal. Streak simi- 
lar. Soft. Specific gravity 4°956 to 4°983.t Somewhat sec- 
tile. Easily frangible. 

Effervesces with nitric acid, and tinges it green. Deflagrates 
with nitre. Before the blow-pipe melts readily without smoke, 
vapour, or smell; but is not reduced. ‘Tinges borax a bright 
green. 


Sp. 3. Copper Pyriies.§ 


This is by far the most common of all the ores of copper. 
It occurs both in veins and beds in almost every formation. 
Found massive, or disseminated, or crystallized. The primi- 
tive form of its crystals is the tetrahedron; sometimes the an- 
gles are truncated; sometimes it is crystallized in octahedrons 
and dodecahedrons. Colour brass-yellow, passing on the one 
hand to golden-yellow, on the other to steel-grey. Surface 
usually tarnished. Internal lustre shining, metallic. Fracture 
uneven. Soft; scarcely gives fire with steel. Brittle. Easily 


* Breithaupt. 

+ Kirwan, Min. ii.142. Brochant, ii. 166. Haiiy, iii. 56. Hoffmann, 
ili. 2. 110. 

t Kirwan. ; 

§ Kirwan, ii. 140. Brochant, ii. 169. Haiiy, iii. 529. Hoffinann, iii, 2. 
113. 
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pox. frangible. Specific gravity 4°221 to 4°250.* Before the blow- 

\— pipe on charcoal decrepitates, emits the odour of sulphur, and 
melts into a black globule, which gradually assumes the colour 
of copper. ‘Tinges borax green. 


Sp. 4. White Copper Ore.+ 


This species, first noticed by Henkel, is one of the rarest 
among the copper ores. It occurs in the primitive mountains, 
and has been observed in Cornwall, in different parts of Ger- 
many, &c. Colour between silver-white and bronze-yellow. 
The fracture soon acquires a greyish-yellow tarnish. Massive 
and disseminated. Internal lustre glistening, metallic. Frac- 
ture small-grained uneven. Soft, passing into semihard. Brit- 
tle. Easily frangible. Specific gravity 4°500.] Before the 
blow-pipe yields a white smoke, which has an arsenical smell, 
and then melts into a greyish black slag. Said to be com- 
posed of copper, iron, arsenic, and sulphur, and to contain 
about 40 per cent. of copper. 


Sp.5. Grey Copper Ore§—Fahl Ore. 


This ore is found in Cornwall, Saxony, Hungary, &c. It 
occurs massive and disseminated, and often also crystallized. 
The primitive form of its crystals is the regular tetrahedron ; 
but, in general, either the angles or the edges, or both, are 
truncated or bevelled. || 

Colour steel-grey; often tarnished, and then dark-grey. 
Streak sometimes unaltered, sometimes reddish brown. Pow- 
der blackish; sometimes with a tint of red. Internal lustre 
glistening, metallic. Fracture coarse and small grained un- 
| even; sometimes inclines to imperfect conchoidal. Semihard. 
| Brittle. Specific gravity 4°8648.** Deflagrates with nitre. 
Before the blow-pipe crackles, but at last melts, especially if 
assisted by borax. The bead gives a white smoke, without 
any particular smell; tinges borax yellow or brownish red, but 
does not unite with it. 


* Breithaupt. 

+ Kirwan, ii. 152. Brochant, ii.173. Hoffmann, iii. 2.134. 

t Lametherie. 

§ Kirwan, ii. 146. Klaproth’s Beitrage, 1. 177, and Gehlen’s Jour, v. 3. 
Brochant, ii. 175. Haiiy, iii. 537. Hoffmann, ui. 2. 119. 

‘|| Romé de Lisle, iii. 315, and Haiiy’s Miner. 11. 539. 

** Haiiy, Jour. de Min. No. xxxi. 512, 
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Sp. 6. Tennantite.* 


459 


This mineral occurs in different Cornish mines, particularly Chap. U. 
ead 


Dolcoath, Cook’s kitchen, and Tincroft mines, near Redruth, 
and was first recognised as a peculiar species, by Messrs. Wil- 
liam and Richard Philips. 

Its colour externally varies from tin white to iron grey. It 
occurs massive, but most commonly crystallized. The primi- 
tive form of its crystals is the rhomboidal dodecahedron. It 
sometimes occurs in the form of the cube or octahedron, and 
these three forms are variously modified in different crystals. 
The lustre of the tin-white varieties is splendent, that of the 
lead-grey is glimmering, while the iron grey specimens are 
dull. Lustre metallic. Fracture foliated, with the appear- 
ance of natural joints, parallel to the faces of a rhomboidal 
dodecahedron. Harder than the grey copper ore, which it rea- 
dily scratches. . Specific gravity 4°375. Before the blow-pipe 
on charcoal it first burns with a blue flame, and slight decrepi- 
tation, to which succeed copious arsenical vapours, leaving a 
greyish black scoria, which acts upon the magnetic needle. 


Sp. 7. Black Copper Ore. 
Graugiltigers. Schwarzgiltigerz. 


This species occurs at Cremnitz in Hungary, and in other 
places. Colour steel grey. Massive and crystallized in tetra- 
hedrons, seldom perfect, usually truncated in the edges or an- 
gles; sometimes the tetrahedrons are double, constituting a 
hexahedron. Crystals small. Lustre of ‘crystals splendent, 
metallic. Fracture small conchoidal. Semihard. Brittle. 
Specific gravity 4°842 to 4°893.t 


Sp. 8. Seleniuret of Copper.§ 


This very rare substance was detected by M. Swedenstierna 
in a specimen of calcareous spar, which seems to have come 
from Skrickerum, an abandoned copper mine in Smoland, in 
Sweden. This spar had large black spots here and there, 


* Philips ; Quarterly Jour. vii. 95. 

+ Klaproth, Beitrage, i. 177, and Gehlen’s Jour. v. 14. Kirwan, ii. 143. 
Brochant, ii. 180. Hoffmann, iii. 2. 127. 

{} Ullmann. 

§ Berzelius ; Ann. de Chim, et de Phys. ix, 363. 
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Book I. which, when examined by a microscope, appeared under the 
form of a metallic vegetation. Berzelius observed that these 
black spots surrounded natural clifts in the spar. When it 
was broken in the direction of these cliits, the new surface was 
found covered with a white metallic vegetation. Berzelius 
found by analysis that this substance was a seleniuret of copper. 

The following table exhibits a view of the constituents of 
such of the preceding ores as have been subjected to chemical 
analysis. 
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From this table, it appears probable that the common sul- 
phuret consists essentially of copper and sulphur. In the va- 
riegated copper ore iron is also present, and the copper seems 
to be in the state of protoxide; copper pyrites contains also 
iron, but the sulphur exists in it in a much greater proportion 
than in the preceding. Grey copper ore appears to be a com- 
pound of copper, iron, arsenic, and sulphur; the constituents 
of black copper ore are the same, except that antimony is sub- 
stituted in place of arsenic. 


GENUS III. OXIDES. 


Sp. 1. Red Copper Ore.* 


This ore seems to be peculiar to the primitive mountains. 
It is most common in veins, and is found in Cornwall, various 
parts of Germany, Sweden, &c. It has been subdivided into 
three subspecies, distinguished chiefly by their fracture. 


Subsp, 1. Compact. 


Colour dark cochineal red, inclining a little to lead grey. 
Massive and disseminated. Internal lustre glistening, semi- 
metallic. Fracture even. Opaque. Hardly ever in distinct 
concretions. Streak tile red, and of diminished lustre. Semi- 
hard. Brittle. Easily frangible. Specific gravity 5°405.f 


Subsp. 2. Foliated. 


Colour as the preceding. Crystals are redder, and some- 
times pass into dark carmine-red. Massive, disseminated, and 
crystallized in cubes and octahedrons which are often trun- 
cated.t Internal lustre, shining, adamantine. Fracture imper- 
fect foliated. Very seldom in granular distinct concretions. 
Massive varieties opaque; crystals transparent or translucent. 
Streak dirty tile red. Semihard. Brittle. Easily frangible. 
Specific gravity 5°600§ to 5'945. || 


Subsp. 3. . Capillary. 


Colour carmine-red, sometimes approaching cochineal-red. 
In small capillary crystals, and in tables. Lustre shining, ada- 
mantine. Translucent. 


* Kirwan, ii. 135. Brochant, it. 181. Haiiy, itt. 555. Hoffmann, ui. 2. 
89. 

+ Karsten. 

t For a description of the crystals the reader is referred to Mr. Philips” 
Memoir in the Transactions of the Geological Society of London, Vol. I. . 

§. Philips, || Breithaupt. 
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Red copper ore is soluble with effervescence in nitric acid, Chap. 4. 


and in muriatic acid without effervescence. Before the blow- 
pipe melts easily, and is reduced. 


Sp. 2. Tile Ore.* 


This mineral occurs in veins, and is divided into two sub- 
species ; namely, earthy and indurated tile ore. 


ini Subsp. 1. Earthy. | 


Colour hyacinth-red, sometimes brownish-red. Between 
friable and solid. Massive, disseminated, and incrusting cop- 
per pyrites. Composed of dull dusty particles. Soils slightly. 
Heavy. 


Subsp. 2. Indurated. 


Colour between hyacinth and brownish-red, passing into 
_lead-grey and blackish-brown. Massive and disseminated. 
Internal lustre glimmering. Fracture between even and large 
conchoidal, and sometimes passes into small conchoidal. Semi- 
hard. Rather brittle. Kasily frangible. Sp. gr. 3°028.+ 
Infusible before the blow-pipe, but acquires a black colour, 


Sp. 3. Black Oxide of Copper. 


This species occurs at Carraract and Tincroft mines in 
Cornwall, and in other places. Colour between bluish and 
brownish black. Friable. Massive. Composed of dusty par- 
ticles which scarcely soil. Always more or less cohering. 
Heavy. It is considered as a mixture of oxide of copper and 
oxide of iron. 

GENUS Iv. SALTS. 


Sp. 1. Anhydrous Carbonate.§ 


This species was observed by Dr. Heyneé in the Peninsula 
of Hindostan, near the eastern border of the Mysore country, 
where it appears to occur in nests in primitive rocks. It was 
first described and analysed by me in 1813. - Colour dark 
blackish-brown when the specimen is pure; but generally a 
mixture of green, red, and brown, from a mixture of mala- 
chite and red oxide of iron. Often traversed by small veins 


of malachite. Fracture small conchoidal ; sometimes has a 


* Kirwan, jj..137. Brochant, ii. 187. Hoffmann, iii. 2. 98. 
+ Breithaupt. — - } Hoffmann, iii. 2.133. 
§ Phil. Trans. 1814, p. 45. 
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pook 1. tendency to foliated. Soft. Sectile. Streak reddish-brown. 


Specific gravity 2°620. Dissolves in acids letting fall a red 
powder. Its constituents are as follows : 


Carbonic acid.......+.- 16°70 
Peroxide of copper.....- 60°75 


Peroxide of iron.-...-- . 19°50 
Siticat, Pecos we ote ew 2°10 
[688% tees 5 ant oe IES 

100°00 


Sp. 2. Biue Carbonate of Copper.* 


Mountain blue. Azur de Cuivre. Blue Cala of Copper. Kup- 
fer-laxur. Copper Azure. . 


This ore, which occurs in the copper mines of Siberia, Swe- 
den, Germany, Hungary, Britain, &c. is more common in the 
floétz than in the primitive mountains. It is divided into two 
subspecies. 

Subsp. 1. Earthy. 

Colour smalt blue. Usually friable; seldom massive. Com- 

posed of dull dusty particles. Scarcely soils. Sp. gr. 3°354.T 


~Subsp.2. Radiated. 


Principal colour azure-blue. Occurs also berlin-blue, and 
sometimes inclines to smalt-blue. The colours have a slight 
tint of red. Seldom massive; more frequently botryoidal and 
stalactitic; most frequently crystallized. The crystals are 
small, and difficult to examine. Their primitive form is an 
octahedron, the sides of which are scalene triangles, and two 
of them more inclined than the others. The crystals are often 
rhomboidal prisms, terminated by four-sided summits. ‘The 
edges are often variously truncated.{ Internal lustre shining, 
between vitreous and resinous. Fracture narrow, straight, and 
scopiform radiated ; sometimes imperfect foliated. Seldom in 
granular distinct concretions. Crystals translucent. Streak 
similar. Soft. Rather brittle. Specific gravity 3°608.§ It 


* Kirwan, ii. 129. Morveau, Mem. Dijon, 1782. 1 Semestre, p. 100, 
Brochant, ii. 190. Haiiy, 111. 562. Hoffmann, iii. 2. 134. 

+ Breithaupt. 

{ Romé de Lisle observed, that the crystals obtained from the solution of 
copper in ammonia have the same forms with those of this ore; and this 
observation has been confirmed by Hail. : 

§ Brisson. 
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effervesces with nitric acid and gives it a blue colour. . Before chap. 1 


the blow-pipe it blackens, but does not melt. Tinges borax 


green with effervescence. 


Sp. 3. Malachite.* 


This ore occurs in the newer primitive and in the floétz 
mountains. It has been divided into two subspecies, distin- 
guished by the fracture. 


Subsp. 1. Fibrous. 


Colour emerald-green ; sometimes inclines to grass-green, 
sometimes to dark leek green. Seldom massive; sometimes 
disseminated, and often crystallized in short capillary prisms. 
Internal lustre shining, silky. Fracture usually very delicate 
fibrous; sometimes coarse fibrous. Fragments wedge-shaped 
and splintery. Occurs in granular distinct concretions. Crys- 
tals translucent Massive. Varieties translucent on the edges. 
Soft. Streak lighter. Approaching sectile. Specific gravity 
$661 to 3712+ 

Subsp. 2. Compact. 


_ Colour emerald-green, inclining to verdigris-green. Often 
tarnished greenish-white, and is marked with stripes of a 
darker colour. Massive, in various particular shapes, and 
crystallized in four-sided prisms terminated by four-sided 
pyramids. Internal lustre glistening, silky. Fracture some- 
times very delicate fibrous, which passes into even; this into 
flat and small conchoidal, which sometimes passes into small- 
grained uneven. Fragments indeterminate. Usually in thin 
lamellar distinct concretions; surface of the concretions rough, 
and covered with a thin green film. Opaque. Soft. Not 
particularly brittle. Very easily frangible. Streak similar. 
Specific gravity 3°708.t | 
_ Before the blow-pipe it decrepitates and’ blackens, but 
does not melt. ‘Tinges borax yellowish-green. Tinges flame 
"green. 
| Sp. 4. Mountain Green.§ 


Found in the same situations as the preceding species: 
Colour verdigris-green ; sometimes passing into emerald-green, 


* Kirwan, ii. 131. Fontana, Jour.de Phys. xi. 509. Klaproth’s Beitrage, 
“2i. 287.. Brochant, ii, 197. Haiiy, 111.571. Hoffmann, iii. 2. 144. 
+ Breithaupt. ; Breithaupt. : 
§ Kirwan, ii. 134. Brochant, ii. 203. Hoffmann, iii, 2, 152. 
VOL, IIT. 2H 
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and sometimes inclining to leek-green. Massive, disseminated, 
and botryoidal. Internal lustre shining, resinous. Fracture 
small conchoidal. Fragments indeterminate, more or less 
sharp-edged. Never in distinct concretions. Translucent. 
Soft. Not particularly brittle. Easily frangible. Specific 
gravity 2°800.* Blackens before the blow-pipe, but does not 
melt. Dissolves in acids with scarcely any effervescence. 


Sp. 5. Iron Shot Mountain Green.t 


This species is usually accompanied by the two preceding. 
It is divided into two subspecies. 


Subsp. 1. Earthy. 


Colour olive-green ; sometimes passing into pistachio-green. 
Massive and disseminated. Dull. Fracture earthy. Soils a 
little. Fragments indeterminate, blunt-edged. Opaque. | 
Streak nearly similar. Very soft. Easily frangible. Rather 
heavy. } 

Subsp. 2. Slaggy. 


Colour dark olive and pistachio-green, which passes into 
dark blackish-green. Massive and disseminated. Internal 
lustre shining, resinous. Fracture small conchoidal. Frag- 
ments indeterminate, more or less sharp-edged. Opaque. 
Streak paler. Soft. Easily frangible. Rather heavy. 


Sp. 6. Bismuthic Carbonate of Copper. + 


In the month of December, 1816, Professor Zipser, of Neu- 
sohl in Hungary, sent a specimen of a new copper ore to 
Bucholz, that he might subject it to a chemical analysis. The 
ore occurs at Poinik, and possesses the following characters : 

The principal colour is reddish-brown passing into hair- 
brown. and pearl-grey. Here and there, from a mixture of 
sulphuret of bismuth, it becomes iron-grey, or steel-coloured. 
An occasional mixture of malachite or blue carbonate of cop- 
per, renders it pistachio-green and indigo-blue. The colour 
of the powdered ore is oil-green. Dull; but there are white 
places which have the vitreous lustre, and even verging upon 
the metallic. Fracture uneven and granular. Here and 
there exhibiting a soft fibrous texture. Hard enough to 


* John. ‘ 
+ Kirwan, ii. 151. Brochant, ii. 205. Hoffmann, ii. 2, 155. 
t Bucholz and Brandes, Schweigger’s Jour. xxii. 27. 
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sctatch glass. Specific gravity 3°449. Its constituents, ac- Chap. UL. 


cording to the analysis of Bucholz and Brandes, are as 
follows : 


Carbonate of copper ..:...4... 62°778 


Sulphuret of Bismuth ........ 117143 
Silica y's ons aw helcea- vats peewee mG HASS 
Oxide of copper’: . gecbg dawns 6°340 
Oxide of iron, :...5- cies eiapt, ats 3°003 


Water Coe ce eoeoeeoeseesoe2eg eve 5°500 


98°097 
It is probably nothing more than a mechanical mixture of 
carbonate of copper and sulphuret of bismuth. 
Sp. 7. Silicate of Copper *—Dioptase, Emerald Copper Ore. 


This mineral, which at first was confounded with the eme- 
rald, is found in the north of Asia. Colour emerald-green. 


Crystallized in six-sided prisms terminated by three-sided py- 


ramids. Primitive form of the crystals an obtuse rhomboid. 
Lustre shining vitreous. Fracture foliated with a threefold 
cleavage. Fragments indeterminate, blunt-edged. Translu- 
cent. Scratches glass with difficulty. Brittle. Specific gra- 
vity 3°3.+ Before the blow-pipe becomes chesnut-brown, but 
is infusible. Tinges the flame green. It is a trisilicate of 
copper. 
Sp. 8. Carbostlicate.t 


This mineral occurs in Mexico, but in what situation I do 
not know. The only specimens I have seen were in possession 
of Mr. Mawe, who had received them from Vera Cruz, 

Colour verdigris-green with a tint of blue. Form botryoidal. 
Lustre vitreous and varying much in intensity. External 
lustre often dull, internal shining. Fracture compact and con- 
choidal. Fragments rather rounded with blunt edges. In 
granular distinct concretions. Translucent on the edges. 
Nearly as hard as calcareous spar; readily scratched by the 
knife. Brittle. Distinct concretions easily separable from 
each other. Specific gravity 2°238. Does not effervesce in 
nitric acid when in lumps; but effervesces when in powder, 
and dissolves, leaving a white siliceous powder behind. 


* Hofimann, iii. 2. 158. + Haiiy. 
{ Annals of Philosophy,.vii. $21. 
2H 2 
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. Sp. 9. Arseniate of Copper. 


This species was first found in Cornwall, but it has since , 
been observed in other places. It was discovered above 30 
years ago in the Carrarach mine; but it had become exceed- 
ingly scarce, till it was lately found in abundance in the Huel 
Garland mine. A great variety of specimens were carried to 
London; and they have been described and analyzed by the 
Count de Bournon’and Mr. Chenevix.* ° It has been divided 
into three subspecies, distinguished chiefly by the figure of their 
crystals. | 


Subsp. 1. Foliated Arseniate +—Copper Mica. 


Colour emerald-green. Massive, disseminated, and some- 
times crystallized. Crystals thin hexahedral laminz ; the six 
faces inclined alternately towards the opposite sides of the 
plates, so that three lie one way and three another. Two of 
these three are inclined at angles of 135°; the other at an 
angle of 115°. Divisible into thin plates like mica. Lustre 
splendent, pearly. Fragments indeterminate and tabular. In 
granular distinct concretions. Massive varieties translucent, 
crystals transparent. Scratches gypsum, but not calcareous 
spar. Sectile. Specific gravity 2°548.{ Decrepitates when 
heated. | 


Subsp. 2. Lenticular Arseniate.§ 


Colour sky-blue, which sometimes passes into verdigris- 
green. Crystallized in obtuse octahedrons, composed of two 
four-sided pyramids with isosceles triangular faces, two of 
which are more inclined than the other two. The two most 
inclined meet at the apex at an angle of 130°, and form at the 
base angles of 50°: the two least inclined meet at the apex in 
an angle of 115°, and form at the base angles of 65°. Some- 
times the apex is converted into a ridge; the octahedron. be- 
ing lengthened parallel to the less inclined planes. External 
lustre shining. Fracture foliated. Translucent. Scratches 
calcareous spar, but not fluor spar. Rather brittle. Very 
easily frangible. Specific gravity 2°882.{ 


* PX, Trans. 1801, p- 169. | 
+ Bournon, Phil, Trans. 1801. Hoffmann, 111. 2. 162. 
} Bournon. § Ibid, 
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Of this subspecies two varieties have been distinguished. Chap. 11. 


1. Foliated. Colour perfect olive-green; sometimes in- 


clining to oil-green and leek-green. Seldom massive; usually © 


in drusy crusts; and crystallized in very acute rhomboids, 
sometimes having their angles truncated. Faces of the crys- 
tals smooth ; lustre shining. [Internal lustre glistening, ada- 
mantine. Fracture imperfect foliated. Fragments indeter- 
minate. The massive varieties occur in granular distinct 
concretions. Translucent. Streak straw yellow. Very soft. 
Sectile. Specific gravity 4°2809.+ 

2. Fibrous. Colour olive-green. Massive varieties pass 
into liver-brown and into greenish-white. Massive, reniform, 
and crystallized in acicular four-sided prisms. Internal lustre 
glistening, adamantine. Fracture delicate scopiform, fibrous. 
Fragments wedge-shaped ; sometimes in coarse granular, and 
in curved lamellar distinct concretions, ‘Translucent on the 
edges. Sometimes scratches fluor spar. Rather brittle. Spe- 
cific gravity 4°281.t 


Sp. 10. Martial Arseniate.t—Strahlerz. - 


Found in Tincroft and some other mines in Cornwall. Co- 
lour pale sky-blue. Massive and crystallized in oblique 
rhomboidal four-sided prisms. Internal lustre shining and 
pearly. Fracture scopiform radiated. Transparent. Scratches 
calcareous, but not fluor spar. Specific gravity 3°4.+ 


Sp. 11, Muriate of Copper §—Green Sand of Peru, 


This ore, which was brought from Peru by Dombey, is a 
green powder mixed with grains of quartz. When thrown 
on burning coals, it communicates a green colour to the flame. 
It is soluble both in nitric and muriatic acids without effer- 
vescence. The solution is green. This mineral was first 
proved to contain muriatic acid by Berthollet.|| Afterwards 
Proust analyzed it ; ** but Vauquelin announced that he consi- 


dered it merely as an oxide of copper mixed with common 


* Kirwan, ii. 151. Brochant, ii. 208. Haiiy, iii. 575. Bournen and 
Chenevix, Phil. Trans. 1801. Klaproth, iii. 187. Hoffmann, iii. 2.170. 

+ Bournon. { Hoffmann, iii. 2. 168. 

§ Kirwan, ii. 149. Brochant, ii. 545, Haiiy, iii. 560. Hoffmann, iii. 
2. 186. 

| Mem. Par. 1786, p. 4 and 62. ** Ann, de Chim, xxxii, 26. 
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Book tu. salt.* . However, a subsequent examination convinced him 
“\—’ that his opinion was unfounded ; and that the mineral was 


really a muriate, as had been affirmed by Berthollet and 
Proust.¢ This conclusion has been confirmed by Klaproth. 
Colour sometimes between leek and emerald-green; some- 
times between emerald and olive. Massive and crystallized 
in flat six-sided prisms, bevelled at the extremities, and in 
oblique four-sided prisms. Surface smooth ; lustre splendent, 
adamantine. Internal lustre shining, resinous. Fracture fo- 
liated. Massive. Opaque. Crystals transparent. Soft. 
Streak pale apple green. Rather sectile. Easily frangible, 
Specific gravity 3°570.} | 


Sp. 12. Phosphate of Copper.§ 


This ore has been found at Rheinbreiderbach near Cologne, 
and was considered as a variety of malachite, till Klaproth 
ascertained its composition. Found massive, disseminated, 
and crystallized in small oblique hexahedrons. They occur / 
in groups, often so small as to resemble moss. Colour ex- 
ternally ereyish-black ; but within, between verdigris and 


‘emerald-green. External lustre splendent, vitreous ; internal 


glimmering, silky. Fracture fibrous; fibres diverging. 
Opaque. Streak apple green. Sectile. Soft. Specific 
gravity 3°5142.|| 

| Sp. 13. Sulphate of Copper. 


This salt occurs occasionally in the neighbourhood of cops 
per mines, either massive, in particular shapes, or in capillary 
and cubic crystals. Its properties have been already detailed 
in the first part of this work. ante 

The following table exhibits a view of the constituents of 
such of the preceding species as have been analyzed: 


* Jour. de Min. No. xxxi. 519. + Haiiy, iii, 562. 
} Lametherie. . 
§ Klaproth, iii. 201. Brochant, ii, 544. Hoffmann, iii. 2. 183. 


\| Kopp. 


471 
Chap.16 


ORES. 


"106d -prqy §§§ "006 ‘Wi Swjordery FT ‘6h (NIXXX ‘OY 9p ‘aay Ssnolg +++ "088 “d “JOST “SUCLL “14d “R1AOU2D axe 
"210J9q UMOUY Sue WoIy jUaIagIp K19A saigadsqne v 0} paSuojaq savy ysnuT Lay ‘yuNOdoe oy) UI AaYeISIUT BUNS aq 2194) S82TU, “NOOO Mood ayed 
BO [[eausoy wos raddoo Jo ayeluasiv aaljyeu Jo suaumloads om} Jo sisX[vuv oy) Wo} soSary *1y, Aq pauiejqo uaag vary 03 (geg’d “xxx *[04) 
auizesey jeorgdosoyigg ay} ul payeys 3[nsaz oy) st sigg, ||} ‘wordery §§ cuyenbnea TE = “L098 "d ‘TORT “suBAL “Yd “xtAouayy +4 
“eag ‘HA ‘Aqdosojiyg jo seuuy xx  — “E] “S019 JOY "AON ‘ZI1MOT "elaqig Wor “PE AL “piqE § = ‘oes ‘HN “play ¢ —‘sayaedsqns 
pajelpes ay) 0} pasuojeaq pure ‘eliaqig wos sem pazkyeue uamdeds ayy, *[g°Al ‘osesjlog ‘yoidepy + "PS IX UY ep uny “Wenalied x 


00-001) 0-001/0-001/0-001/00-001] OOT| COT/0O-00T} OOT} OOTIO-00T} OOT|O-00T| COT} 001\00-00T} OOT} OOT)/O-00T} OOT| O01 


a So a, i, i i i a a a el mul [ummmmememell fememmmmmnaeeell feeamamandl (emmmencone’ (aemmemmemntend tamememmencel Weneaccumenet ‘inagumnemnannn ethno oemenebaienmmnias 


66-0 as oe a C-T _ ¢G 88:0 — S ¢.0 al mam I a CZ-G eee aes es as ra eove “°° *scory 
— | 6-91 [1-81 |8-éI elt — | 1 os 18 | SE ff Ol) Oe bE LASS eo) BE LE EGET 7-9" |B | = IEA 
at ee wre GS fe | ee mee ef ee Pome ree eee ce | ees 66. OG rer ee Lesa] oe ee 

goog } — }— | — ae ef eee ee eS fe ee ee |] eee I pre t0ydsongy 
— {1-01 {P-IT | 9-01 eee fe ee nt fe ee et er a ee ee ee eo Pe ean 
Ce Sse ee GSE | GL | 69 Chr65 4o60. bh6Sx4-0S 4 C-aT (seh (We  Fe e pee ee e  | S Piss ornesry” 
as ee ees fae a eae er oe Sn mee ee | ae GY EL) ee ol SI | ve) GI | Ply¥ o1goque_y 

€1-89 SL |G-OL |99L | 9-66 | 86 | 96 169-09 | OG | 19 | O09 | TS | og | 6g | 8¢ |9F-Fg cg | 09 |G-0L | OL | LL |* seddoa jo “xO 
S89) it] tee] ata] wwe | | | S88 Fatt te] et [te] te [ttl ae] we | UY 8 Ep + | 
aS ce ef ee ee [ ee | om oes, | meee | ewes | eee eg | | oeegeeniaee | Seem | nee (ee OE 
> : > w of 
*ajyeyd *a} ELINA eS | oyeruasry "210 UIAIIO 22 jareuesay| =O fazea} a 2) 'azyo) “ayenog 
“SOUd . z. a 5 o pozelpog S > “11S g = -Bl[PIA|-A29D INL 
Es a ape 


472 


Book II. 


Table of 


the species. 


SIMPLE. MINERALS. i 


ORDER IX. ORES OF IRON. ~ 


Iron is the most abundant of metals; it exists in every for- 
mation, and assumes the most different and even opposite 
shapes. This renders it a more difficult task to bring its ores 
under a regular arrangement than those of any other metal. 
The following table exhibits a view of the different ores of this 
metal, arranged according to their component parts: 


J. ALtoys. IV. Satrs. 
1, Native iron. 1. Carbonate: 
II. SuLpHuRets. 2. Phosphate. 
1. Magnetic pyrites. 3. Arseniate. 


2. Cubic pyrites. 4. Sulpho-arseniate. 
III. Oxipes. 5. Skorodite. 

1, Magnetic iron stone. 6. Chromate. 

g. Specular iron stone. 7. Silicate. 
3. Titaneous iron ore. 8. Silicate of iron-and-man- 


‘4. Red iron stone. ganese. 

5. Hydrate of iron. 9. Tungstate. 

6. Hydrate of iron-and- . 10. Sulphate. 
manganese. 


GENUS I. ALLOYS. 
Sp. 1. Native Iron. 


This mineral is rare, but it has been observed in different 
parts of the world. A specimen, weighing about 4lbs. was 
found in the mine of Hackenberg.* Colour bluish-white. 
Fracture hackly. Lustre metallic. Malleable. Magnetic. 
Hard. Specific g gravity 7°575. The masses of iron observed 
by Pallas in Siberial by Rubin de Celis in South America, 
&c. are now considered as depositions from meteors. ‘They 
are distinguished from native iron by containing nickel, of 
which the true specimens of native iron are destitute. A spe- 
cimen of native iron from the mine Johannes, near Kamedag 
in Saxony, analyzed by Klaproth, contained 


Tron Wide Gee eG HZ 5 
Lead . .0biksin Zen ae ae O 
SOPPer 4 bias s gee a AD 


1000+ 


* Cramer, Phil, Mag. xiii. 32, + Gehlen’s Jour, 1. 36. 
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Sp. 1. Magnetic Pyrites.* 


4:73 


This occurs chiefly in the primitive mountains, and has chap. 11. 
hitherto been observed only in beds. Colour between bronze- —~—~ 


yellow and copper-red, and sometimes inclines to pinchbeck- 
brown. — Acquires a brownish-tarnish. Massive and dissemi- 
nated. Internal lustre shining, metallic. Fracture uneven. 
Fragments indeterminate, blunt-edged. Never in distinct 
concretions. From hard to semihard. Brittle. Easily fran- 
gible. Specific gravity 4°385+ to 4°518.{ Attracted by the 
magnet. 
Sp. 2. ILron Pyrites.§ 

This mineral is one of the most abundant in nature, occur- 
ring in almost every rock and vein. Its forms, too, are equally 
varied. It is massive, disseminated, globular, oviform, &c. 
and very often crystallized. ‘The most common figures of its 
crystals are the cube, the octahedron, the rhomboidal dodeca- 
hedron, and the icosahedron; but the angles and edges are 
often variously truncated. The cubes are sometimes smooth 
and sometimes striated: the striae are parallel to the edges of 
the faces, and in three different directions. Romé de Lisle 
showed, that its primitive form was sometimes a cube and 
sometimes an octahedron. MHiaiiy considers the cube as the 
_ primitive form. But when we attempt to ascertain the natural 
joints of the crystals, we, in some cases, obtain a cube, in 
others an octahedron. Hence Bournon considers these two 
forms as distinct, and constituting two species of pyrites; 
which he thinks chemical analysis will one day demonstrate 
to differ in their composition. The striated cubes, according 
to him, constitute a third species. Fora description and figure 
of the different crystals of this mineral, the reader may con- 
sult Romé de Lisle,|| Hatiy,** and Bournon.tt It has been 
divided into four subspecies, and even these scarcely include 
all the varieties of this mineral which have been observed. 


Subsp. 1. Common Pyrites. 
Colour bronze-yellow. Massive and crystallized in cubes, 


* Kirwan, ii. 79. Brochant, ii. 232. Hoffmann, iii. 2. 212. 
_ + Karsten. t Hatchett. 

§ Kirwan, ii. 76. Brochant, ii. 221. Haiiy, iv. 65. Bournon, Jour. de 
Min. No. lxxv. 170. Hoffmann, ili. 2. 190. 

|| Crystallog. ii. 208. ¥* Miner. iv. 67, 

++ Jour. de Min. No. xxv, 170. aceon ba eae 1 
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and even icosahedrons. Surface sometimes smooth, sometimes 
streaked. Lustre from splendent to shining, metallic. Frac- 
ture uneven. Hard. Brittle. Easily frangible. Specific 
gravity 4°830.* . 
Subsp. 2. Radiated Pyrites. 

Colour bronze-yellow ; sometimes inclining to brass-yellow. 
Surface tarnished. Massive, reniform, and crystallized in 
octahedrons, either perfect or truncated, and in cubo-octahe- 
drons. External lustre from shining to glimmering. Frac- 
ture radiated. Passes into fibrous and into compact. Frag- 
ments wedge-shaped. In granular, lamellar, and columnar 
distinct concretions. Hard. Brittle. Very easily frangible. 
Specific gravity from 4°698 to 4°775.T - 


Subsp. 3. Hepatic Pyrites. 


Colour pale brass-yellow, inclining to steel-grey. Fresh 
fracture becomes brown when exposed. Massive, tuberose, 


&c. and crystallized in tetrahedrons and six-sided prisms. 


Internal lustre glimmering, metallic. Fracture usually even. 
Fragments indeterminate, sharp-edged. In distinct concre- 
tions. In other respects the same as the preceding. Very 
subject to decomposition. 


Subsp. 4. Cellular Pyrites. 


Colour bronze-yellow, inclining very much to steel-grey, 


and a little to green. Acquires a grey tarnish. Massive, but 


most frequently cellular. Surface of the cells drusy. In- 
ternal lustre glimmering. Fracture even and flat conchoidal. 
Fragments indeterminate, pretty sharp-edged. In other cha- 
racters agrees with the preceding. 


As far as has been hitherto observed, pyrites consist essen=. 


tially of two distinct species. 1. Magnetic pyrites, composed 
of 1 atom iron, and 1 atom sulphur. 2. Cubic pyrites, com- 


posed of 1 atom iron, and 2 atoms sulphur. The first is a 


sulphuret, the second a bisulphuret of iron. 
| GENUS III. OXIDES. 
Sp. 1. Magnetic Iron-Stone.t—Fer Oxidulé of Haiy. 


This species, characterized in some measure by its magnetic 
properties, is divided by Werner inte two subspecies. 

* Hatchett. + Ibid. 

+ Kirwan, il, 158. Brochant, ii. 235. Haiiy,iv. 10, Hoffmann, li. 2. 216. 
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Subsp. 1. Common Magnetic Iron-Stone. 


AT5 


This ore occurs most frequently in primitive mountains, and Chap. 11. 


usually in gneiss, mica-slate, chlorite-slate, and primitive 
lime-stone; but sometimes also in rocks of the floétz trap for- 
mation. It is found in beds, and sometimes composes whole 
mountains. It is very common in Sweden; it is found also in 
Switzerland, Norway, Russia, &c. It occurs massive, in plates, 
grains, and crystallized. The primitive form of its crystals is 
a regular octahedron.* Sometimes two opposite sides of the 
pyramids are trapeziums, which renders the apex of the pyra- 
mids cuneiform; sometimes in cubes; sometimes the crystals 
pass into rhomboidal parallelopipeds, and into dodecahedrons 
with rhomboidal faces.+ 

Colour iron-black. Powder black.t Streak unaltered. 
External lustre shining; internal glistening metallic. Fracture 
uneven; sometimes approaches even, also imperfect straight 
foliated. Hard. Sometimes in granular distinct concretions. 
Brittle. Specific gravity from 4°200 to 4°939.§ Attracted by 
the magnet, and generally possessed of more or less magnetic 
virtue.|| ‘To this species belongs the magnet. Before the 
blow-pipe it becomes browner, but does not melt. Tinges 
borax dark-green. By the analysis of Bucholz, the ore is 
composed of a mixture of the two distinct oxides of iron and 
a little quartz.** 


Subsp. 2. Iron-Sand. 


Occurs imbedded in basalt and wacka, and in the sand of 
rivers. Colour dark-iron-black. In small angular and 
roundish grains, and in octahedral crystals. Surface rough 
and feebly glimmering. Internal lustre, shining, metallic. 


‘Fracture perfect conchoidal; very rarely imperfect foliated: 


Fragments indeterminate, sharp-edged. Semihard. Brittle. 
Easily frangible. Specific gravity 4°600++ to 4°76. Strongly 
attracted by the magnet. 

Magnetic iron-stone according to the analysis of Berzelius 
is composed of 


* Romé de Lisle, iii. 178. 

+ Ibid. 
~¢ Haiiy, Jour. de Min. No. xxxiii. 639. 

§ Kirwan’s Min. ii. 159. 

|| Hauy, Jour. de Min. No. xxxi, 597. 

** Geblen’s Jour. Second Series, iii, 106. 
++ Kirwan. 
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- Protoxide of iron .....2 31 cove 1 atom 
Peroxide of iron ...... 69 .... 2 atoms 


eel 
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Iron-sand contains some titanium. I found the constituents 
of a specimen from Aberdeenshire, as follows: 


Oxide of iron ...... 85°3 
Oxide of titanium.... 9°5 
Oxide of arsenic ..... 1°0 
Silica and alumina... 1°5 
96,0 cia wings Sree ined Mia 


oenc ee aS 


100°0 
Probably the first subspecies often contains titanium. 
Sp.2. Specular Iron Ore.t 
Iron Glance—Fer Oligtste. 


This ore appears to be confined to the primitive and tran- 
sition mountains. It occurs both in veins and beds. It is 
divided into two subspecies. 


Subsp. 1. Common. 
This ore is found abundantly in the Isle of Elba, near Tus- 


cany, in Germany, France, Russia, &c. It is either in masses 
or crystallized. ‘The primitive form of its crystals is a rhom- 


‘boid, which differs very little from a cube; the angles of the 


rhombs being 87° and 93°. It occurs in a variety of forms: 
the most common are the rhomboidal parallelopiped; the 


- cube, with three triangular faces instead of two of its angles 


diagonally opposite ; two six-sided pyramids, applied base to 
base, wanting the summits, and sometimes the angles at the 
bases, and sometimes the alternate edges of the pyramid; a 
polyhedron of 24 sides, resembling a cube with three triangu- 
lar faces for two angles diagonally opposite, and two triangles 
for the rest of its angles; thin octagonal plates, bounded by 
six linear trapeziums, alternately inclined different ways. 
Colour steel-grey; often tarnished, and beautifully irides- 
cent, reflecting yellow, blue, red. Streak cherry-red. Pow- 


* Attempt to establish a New System of Mineralogy, p. 125. 
+ Kirwan, ii. 162. Coudrai, Jour. de Phys. iv. 52. Brochant, ii. 142. 
Haiiy, iv. 38. Hoffmann, 11. 2. 229. . 
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der blackish-red. External lustre splendent to glistening ; in- Chap: 1. 
ternal shining, metallic. Hard. Fracture sometimes com- 
pact, sometimes foliated. ‘The compact is uneven, and some- 
times, passes into imperfect small conchoidal; the foliated has 
a fourfold rectangular cleavage. Fragments octahedral or py- 
ramidal ; sometimes indeterminate ; usually unseparated. Ra- 
ther tough. Brittle. Specific gravity 5°0116* to 5*218,+ 
_ Slightly magnetic. Does not attract iron filings, as is the case 
with the last species. Little altered by the blow-pipe. Tinges 
borax an obscure yellow. 


Subsp. 2. Micaceous Iron Ore—Iron Mica. 


Occurs in Perthshire and other parts of Scotland, &c. Co- 
lour iron-black. The thin plates, when held between the eye 
and the light, appear blood-red, | Massive, and crystallized in 
thin six-sided tables. Surface of the crystals smooth and 
splendent. Internal lustre splendent, metallic; F racture per- 
fect curve-foliated. Cleavage single. Fragments sometimes 
indeterminate; sometimes tabular. The massive occurs in 
granular distinct concretions. Translucent on the edges; in 
thin plates translucent. Streak cherry-red. Semihard. Brit- 
tle. Véry easily frangible. Specific gravity 4°491 to 5107.5 
According to the analysis of Bucholz this subspecies consists 
éntirely of peroxide of iron.§ . 

A specimen of the first subspecies analyzed by Hisinger, 
contained 


Peroxide of iron............ 94°38 


Phosphate of lime .......... 2°75 
DABOUCSIAL [Glia sola atstee Wah LONG 
Stony matter ............ Pett 2G 
Lost by exposure to heat .... 0°50 
IOBS Ie atate a's 2's cecscceseees 0°96 
100°00|| 


Sp. 3. . Titaneous Iron Ore.** 


This ore occurs pretty frequently in Sweden and Norway, 
and has been hitherto confounded with common magnetic iron 
stone; though the difference between the two is considerable. 


* Brisson. f Kirwan. } Ibid. 

§ Gehlen’s Jour. Second Series, iii, 104. 

|| Afhandlingar, iii. 321. / 

** Hoffmann, iv, 2, 139. 5 
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Colour between iron black and steel grey, with a tendency 


“~—’ to dark reddish brown. Massive. Internal lustre from shining 


to glistening, semi-metallic. Fracture even, sometimes in- 
clining to fine grained uneven. In several specimens in my 
possession, the fracture is foliated. Composed usually of an- 
gular distinct concretions. Opaque. Rather softer than fel- 
spar. Brittle. Specific gravity 4°75.” Scarcely perceptibly 
magnetic. 


Sp. 4. Red Iron Stone+  ~ 


This is one of the most common iron ores. It occurs in 
great abundance in Lancashire, and in different parts of Ger- 
many. It is found both in beds and veins, and both in the 
primitive and floetz mountains. 

Colour red. Streak blood-red. Specific gravity from 2°952 
to 5005. Before the blow-pipe blackens, but does not melt. 
Tinges borax yellowish olive-green. When digested in am- 
monia, it becomes black, and often magnetic. It is usually 
divided into four subspecies. 


Subsp. 1. Red Scaly Iron Ore—Eisenrham—lIron Froth. 


Colour between cherry and brownish-red, often passing into 
steel-grey. Usually friable. Lustre glimmering, semimetallic. 
Feels greasy. Very soft. Brittle. Moderately heavy. Com- 
posed of scaly friable parts, which soil strongly. This sub- 
species is rare: it occurs in different parts of Germany and 
Hungary and Britain. | 


Subsp. 2. Red Ochre. 


Found sometimes in powder, sometimes indurated. Com- 
osed of dusty particles, which have a faint glimmering lustre. 
Colour light blood-red. Soils. Feels meagre, Not particu- 
larly brittle. Specific gravity 2°952. Very soft. Accompanies 
the other subspecies. 


Subsp. 3. Compact. 


Found massive and disseminated, and in various imitative 
forms ; sometimes crystallized in cubes or four-sided pyra- 
mids, having their apex truncated. Colour between brown- 
red and steel-grey. Fracture usually even, rarely passes into 
coarse-grained uneven, large conchoidal and slaty. Lustre 


2 
* Breithaupt. 
+ Kirwan, ii. 158. Brochant, ii. 249. Hoffmann, ili. 2. 239. 
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glimmering, semimetallic. Hard. Not particularly brittle. chap.1. 


Specific gravity 4°232.* Sometimes invested with a rosy-red 
ochre. Found abundantly in Germany, France, &c. 


Subsp. 4. “Red Hematites. 


Found in masses, and all the variety of forms of stalactites, 
in kidney-form balls, &c. . Colour between brownish-red and 
steel-grey. Powder red. Internal lustre glistening, semime- 
tallic. Fracture fibrous. Fragments usually splintery or 
wedge-shaped. In angular granular distinct concretions, 
‘Hard. Brittle. Rather easily frangible. Specific gravity 
4°74. to 4°899. t 

Like the last species it consists essentially of peroxide of 
iron. The following table exhibits the result of the analyses 
hitherto made. 


ee a ane ae ar ace st lcs nase anes nm on tnnaitelacbappmien 


Compact 
Iron Froth. red Iron- Red Hematite. 
stone. 
Peroxide of iron ........) 94°5 100 90 94 
Oxide of manganese......{ — — | Trace} Trace 
CSS Os a oe 4°95 ~— g 2 
Be TMNT iho x! vid fea aa sags 1°25 — — nS 
1 elo Ag tag elles elas be eet — 1 | Trace 
ME RE a IASI SS SOO Ua — kar, 2 
Bese ees ere it! 2 ca min — 4 2 


ST A | NS eS | EES coe | Su genes eeeoray bowen 


100°00§| 100|| | 100** 100** 


Sp. 5. Hydrate of Iron. 


This species was established in consequence of the investi- 
gations of D’ Aubuissont+ and Haussmann,t{t and has contri- 
buted to remove a good deal of confusion, observable in the 
mineralogical arrangement of the iron ores that must now be 
placed under this species. 

Hydrate of iron may be divided into six subspecies, depend- 
ing chiefly upon the fracture and texture. 


* Breithaupt. + Gellert. + { Breithaupt. 

§ Henry, Nicholson’s 4to. Jour. iii. 456. 

|| Bucholz, Gehlen’s Journal, Second Series, iii. 158. 

** D’Aubuisson, Ann, de Chim. lxxy, 237. Specific. gravity of the first 
specimen 4°8, of the second 5:0. 

tt Ann. de Chim. Ixxyv. 225. 

tt Gilbert’s Annalen, xxxviii. 1. 
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Subsp. 1. Stilpnosiderite.* 
noxut, This ore which occurs in father Abraham’s mine at Schie- 
“~~ benberg, in Saxony, and in other places, was named sti/pnost- 
derite (ariAmvos shining, and o1dypos iron) by Ullmann, on ac- 
count of its strong lustre. 

Colour varies from brownish black to blackish brown. Mas- 
sive. Internal lustre splendent and shining, resinous. Frac- 
ture perfect conchoidal. Opaque. Streak yellowish brown. 
Hard in a low degree. Brittle. Easily frangible. Specific 
gravity 3°77. Infusible before the blow-pipe. Its constitu- 
ents, according to the analysis of Ullmann, are as follows:, 


Oxide of iron. .....s..+ 80°50 
Gilich-; od» os ameens ub int sei 
Waters. fies ar eah y eacen ke 
Oxide of manganese .... Trace 


98°75 


So that it is a perprotohydrate of iron. 
Subsp. 2. Fibrous Hydrate—Brown Hematite. 
The name hematites (bloodstone) was probably applied by 


the ancients to those ores only which are of a red colour, and 
have some resemblance to clotted blood ; but by the moderns _ 
it is applied to all the ores of iron which give a reddish co- 
loured powder, provided they be of a fibrous texture. 

Brown hematite occurs rarely massive, usually in imitative 
forms of various kinds, and sometimes in pseudo-crystals, con- 
sisting of six-sided acute-angled pyramids. Colour clove- 
brown; sometimes passing into steel-grey, bluish-brown or 
ochre-yellow ; sometimes iridescent. External lustre splen- _ 
dent; internal glistening, between silky and resinous. Frac- 
ture fibrous. . Fragments splintery, wedge-shaped, indeter- 
minate. In granular distinct concretions. Hard. Brittle. 
Opaque. Specific gravity 3°789{ to 3°951.§ Not magnetic. 
Streak ochre-yellow. : - 


Subsp. 3. Compact Hydrate—Compact Brown Iron-stone. 


This subspecies occurs in masses of very various, and often 
fantastical shapes; sometimes in pseudo-crystals. Colour clove 
brown. Internal lustre glimmering, semimetallic. Fracture 


* Hoffmann, iv. 2. 188. ‘+ Breithaupt. t Gellert. § Kirwan. 
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commonly even. Fragments indeterminate, blunt-edged. 
Streak yellowish-brown. Easily frangible. Hard. Brittle. 
Specific gravity 3°4771* to 3°752.+ 


Subsp. 4. Globular Hydrate. 


Of this the three following varieties have been distinouished. 


Variety 1. Lenticular Clay Iron-stone—Acinose Iron-stone. 


Occurs in transition and floétz mountains. Colour brown- 
ish-red, passing into steel-grey, and into reddish, yellowish, 
and blackish-brown. Massive. Internal lustre glistening, se- 
mimetallic. Fracture apparently earthy, and sometimes slaty. 
Fragments indeterminate, blunt-edged. In granular and len- 
ticular distinct concretions. Red variety yields a light red 
streak, the yellowish a yellowish-brown, and the black a grey- 
ish-black streak. Soft. Sectile. Very easily frangible. Spe- 
cific gravity 3°770. 


Variety 2. Kidneyform Clay Iron-stone. 
Oetites or Eagle-stone. 


Occurs imbedded in iron-shot clay in the newest floétz rocks. 
Common in Scotland and other countries. Colour yellowish- 


brown, varying in intensity in the same specimen; externally 


being darker, and internally lighter. Sometimes it includes an 
ochre-yellow kernel. In roundish masses, from the size of a 
walnut to that of a man’s head. Fracture near the surface 
even, near the centre earthy. Lustre of external layers glim- 


mering, semimetallic; of the centre dull. Fragments indeter- 


minate. In concentric lamellar distinct concretions, inclosing 
a nodule often loose. Surface of concretions rough and glim- 
mering. External layers soft, internal very soft. Brittle. 
Easily frangible. Adheres to the tongue. Sp. gr. 2°574. 


Variety 3. Pisiform Tron-stone. 


Supposed to occur in the second floétz lime-stone formation, 
and in clay beds. Found in Scotland, and in various parts of 
Germany, &c. Colour within yellewish-brown; without red- 
dish, yellowish; and liver-brown, and sometimes yellowish- 
_grey. In small, round, and spherical grains. Internally it 
passes from dull to glistening ; the centre of the grain being 
dull, and the lustre increasing as we approach the surface. 


* Brisson. t+ Kirwan. 
VOL. ILI. SaE 
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Rook ut. Lustre resinous. Fracture towards the centre fine earthy, 
v~ near the surface even. In thin concentric lamellar distinct 


concretions, having a smooth glistening surface. Streak yel- 
lowish-brown. Soft. Not very brittle. Easily frangible. Spe- 
cific gravity 5°207. 

Subsp. 5. Ochrey Hydrate— Ochrey Brown Iron-stone. 


It occurs both massive and disseminated. Colour very light 
yellowish-brown. Between solid and friable. Composed of 
coarse earthy particles, dull or faintly glimmering. Soils 
strongly. Very soft. Between brittle and sectile. When 
slightly heated reddens. 

Reddle or red chalk seems to belong to this subspecies. It 
occurs chiefly in the newer clay slate and is chiefly used for 
drawing. Found massive. Colcur light brownish-red. Prin- 
cipal fracture slaty. Cross fracture fine earthy. Lustre of the 
principal fracture glimmering; of the cross fracture dull. 
Fragments usually splintery. Streak lighter, and more shining 
than the fracture. Soils strongly. Very soft. Sectile. Easily 
frangible. Adheres to the tongue. Feels meagre. Specitic 
gravity 3°931 to 3°1391.* 

Subsp. 6. Bog Iron Ore.+ 
This subspecies belongs to the newest formation, and is sup- 


posed to be daily deposited from water in morassy grounds. It 
is divided into three varieties. 


Variety 1. Morass Ore. 


Colour yellowish-brown. Sometimes friable; sometimes 
nearly cohering. The friable composed of dull dusty parti- 
cles; the coherent massive, corroded, and in grains. Lustre 
dull. Fracture earthy. Soils pretty strongly. Feels meagre. 
Light, 

Variety 2. Swamp Ore. 

Colour dark yellowish-brown. Corroded, vesicular, and 
ainorphous. Internal lustre glimmering. Fracture earthy, 
passing into fine-grained uneven. Streak yellowish-brown. 
Very soft. Sectile. Easily frangible. Specific gravity 2°944.T 


Variety 3. Meadow Ore. 


Colour, when fresh broken, blackish-brown. . Massive, in 


* Blumenbach and Brisson. 
+ Kirwan, ii. 179. Brochant, 11, 282. 
+ Kirwan. 


ORES. 


Wracture imperfect small conchoidal; sometimes passes into 
small-grained uneven. Fragments indeterminate, blunt-edged. 
Streak light yellowish-grey. Soft. Rather brittle. Very 
easily frangible. Heavy. : 

The following table exhibits the constituents of these differ- 
ent hydrates according to the most accurate analyses hitherto 
made. 


i 


Brown Hema- Compact /Etites. Lenticular | Ochre.| Meadow 
tite. brown Iron-stone. Iron-ore, Ore, 


Perox.ofiron.| 79 82 84 81 16 18 73 83 61 
Oxide of man- 


ganese ..... 2 2 | om 2 |Trace 1 jTracel T 
Od a 15 14 11 12 14 13 14 12 19 
Ede co a's Sans 3 ] 2 4 5 ié 9 5 6 
Alumina...... — |}Trace}| — — |— I — — 2 
ECTS a ae 1 1 2 3 3 1 3 — 5 


een ee 


mee | es | 


100*| 100* | 100* | 100* |100*| 100*| 100* 100*| 100* 


Sp. 5. Hydrate of Iron and Manganese+—Umber, 


This mineral, which is used as a paint, occurs in beds in the 
island of Cyprus. Colour clove-brown. Massive. Internal 
lustre glimmering and resinous. Fracture flat conchoidal. 


_ Fragments blunt edged. Very soft. Rather sectile. Soils 


strongly. Very easily frangible. Feels meagre. Adheres 
strongly to the tongue. Readily falls to pieces in water. Spe- 
cific gravity 2°206.¢ Its constituents are, 


Gxide Of indir. es es ee Ae 
Oxide of manganese ...... 20 
BG set cee eee uk 13 
Alumina ...... pee Mrais siete ye 
Vet et cs de rote ee ee Le 


i eteerdetemena 
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GENUS IV. SALTS. 


Sp. 1. Carbonate. 


Of this salt there are two subspecies, namely sparry iron ore 


and common clay iron-stone. 


* D’Aubuisson, Ann. de Chim. Ixxv. 237. 
+ Hoffmann, ii. 2. 208. { Breithaupt. 
§ Klaproth, Beitrage, iii. 140. 

ye 
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' grains, perforated, &c. Internal lustre shining, resinous. Chap. 1. 
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Subsp. 1. Sparry fron Ore.* 


This ore is common in Germany, France, and Spain, and 
oceurs in small quantities in Britain. It is found sometimes 
in amorphous masses, and sometimes crystallized in rhombs, 
lenses, octahedrons, dodecahedrons, and six-sided prisms. 

Colour light yellowish-grey, passing into yellowish-brown 
and blackish brown. Sometimes intermediate between yellow- 
ish brown and greenish-grey. On exposure to the air or heat 
the colours change into brown or black. Internal lustre from 
splendent to glimmering, pearly. Fracture more or less per- 
fect foliated. Cleavage threefold. Fragments rhombs with 
angles of 107°.+ Translucent, sometimes opaque. In gra- 
nular distinct concretions. Streak yellowish brown. Harder 
than calcareous spar. Not particularly brittle. Easily fran- 
gible. _ Specific gravity 3.560 to 3:738.t Becomes black be- 
fore the blow-pipe. e 

The following table exhibits the constituents of this sub- 
species. 


Sparry Iron-stone. 


Tap Ra aCe Te RR ran 6m) Ta 
* + 


§ § § RS PY Bata hitch g 


52°75 | 42°58| 42°38) 49 50°5| 55.| 73:75] 57:5 | 58 
ae | 10 | 10°5 3°5 A*25 . 


8 2 Sa 
Oxide of iron. 
Ox. of mangan. 
Silica.......-- 


— 
a — — 


—— | 2775) 1°25). /0° 


0 
Buh fe gs 80 0 
Rae eho WAS) 2 
eh a 0 

Q 


Feige i)f\. «10 4h — 0:3 a 
Magnesia..... 5 14 13:6 | .12°5 at lll) ied des O75 
Carbonic acid .| 42°25 43°62| 43°22| 37°5| 345 35 | 18 36 35 


wes — — min Hoy ODT]. <a ie er 1-75) 15 


— | — 


—<———$t 


100°00 |100°00 1100-00 !100°8 100-0) 100 |100-60!100-00'100-00 


Subsp. 2. Common Clay Lron-stone. 


Occurs in beds in floctz mountains. Found abundantly 
both in Scotland and England. Colour light yellowish grey, 
inclining to ash-grey; it passes into bluish-grey, and, into 
yellowish, reddish, and clove-brown, and brownish red. ‘The 
light varieties change their colour on exposure; they become 
yellowish, then brown, and at last black. Massive and in va~ 


# Kirwan, ii. 190. Bergman, 1. 184. Bayen, Jour. de Phys. vii. 213. 
Razowmoski, Mem. Lausanne, 1788, p. 449. Brochant, 11.264. Hoffmann, 
iii, 2. 262. 


~+ Wollaston. t Breithaupt. 
§ Drappier, Gehlen’s Jour. Second Series, ll. 471. 
|| Collet Descotils, ibid. p. 476. ** Bucholz, ibid. in. 114. 


++ Klaproth, Beitrage, iv. 107. 
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rious extraneous shapes, especially of shells. Internal lustre Chap. m. 


dull. Fracture usually earthy, sometimes flat conchoidal and © 


even, Fragments indeterminate, blunt-edged. Soft. Rather 
brittle. Easily frangible. Adheres a little to the tongue. 
Feels meagre. Specific gravity from 2°936 to 3°471. 

The following table exhibits the constituents of this sub- 


species. 


Common Clay Iron-stone. 


# * te % * Po 
RPS OR PTOI 6 oo os caynoaeds 6a sir ees 33:5 | 425 | 39°1 | 33°9 | 20-1 | 20:2 
Oxide of manganese............. 1-5 3 1] 1] ] 0-5 
a rae oc an Mas pierces a 14°3 | 13°8 | 11°9 | 23°99 | 19:9 | 29-9 
MA ANN ead oa: Lixcadgtagn fies 6 wie, EP Bah LS Gk lara haem 30:2 | 25:4 
MAAPTIOME 22, ed ys Peta e ad eee — — — — — — 
Carboniceaeid: .... ree dec ce ee 98:1 | 27-1 | 32:1 | 28°1-| 28°8 | 24:0 
NM EE Mes Ee eas she a KGCe CD his # a he — — a _ — — 
PUI E, oro ian cidi's ide Pav bce Whe 0 = — — — _- —_ —— 
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Sp. 2. Phosphate. 
Of this species there are two subspecies, the crys/allixed 
phosphate, and earthy phosphate, or native prussian blue. 


Subsp.1. Phosphate of Iron.+ 


This mineral has been found in Brazil, and in the Isle of 
France. Various fine specimens from Cornwall have been 
lately exhibited. Its composition was first detected by Vau- 
quelin. Specimens brought by Mr. Roch from the Isle of 
France were subjected to chemical peers by Cadet and 
Laugier. 

It j is said to be found imbedded ina species of clay, in round 
pieces. Fracture radiated. Composed of capillary crystals 
diverging from a centre. Crystals apparently four-sided 
prisms.{| Individual crystals translucent. Colour indigo 
blue. The constituents both of the crystals and powder the 
game. Sectile. Specific gravity 2°539, according to Cadet; 
2°6, according to Laugier. 

Subsp. 2. Blue Iron-earth.§ Native Prussian Blue. 


This mineral is considered at present as a phosphate of iron, 


* Richter, Crell’s Annals, 1796, i. 550. 

+ Cadet, Jour. de Phys. lvii. 259. Fourcroy, Ann. de Chim. |.200. Hoff- 
‘mann, iv. 2. 144. 

{ The Cornish specimens are in large flat four-sided rectangular prisms. 

§ Kirwan. 31.185. Brochant. ii. 288. Haiiy, vi. 119. Hoffmann, iii. 2.302. 
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in consequence of the analysis of Klaproth. It occurs in nests 


~~—’ among the strata of clay, bog iron ore, or in mosses. It is 


massive, composed of earthy particles without lustre, and fri- 
able. At’first its colour is greyish-white, but when exposed 
to the air it becomes indigo or smalt-blue. Soils slightly. 
Feels harsh. Moderately heavy. Before the blow-pipe be- 
comes reddish brown, and melts into a black brilliant globule, 
which tinges borax deep yellow. Dissolves readily in acids. 
But becomes insoluble by exposure to a red heat. 
The constituents of these minerals are as follows: 


Phosphate of Iron. ayy ie 

: t t 

Oxide of iron ..... SAS OS i hy 4 Te ee 
Phosphoric acid .... 19°25 .. 26°9 .. 32 
Siig as ie cet ew. shai vein Mega oo 
PAW Ma clea eee 5 eS PBI eee 
2 eae ee ppegectied eh ousting a PINE ie pe Nase eeee 
What isc. us iets elgcrne aie Dae ae ASL apie 

Tsoss s Osh oe 2 . oo Teen ws, 
100 100 100 


Sp. 3. Arseniate of Iron. §—Cube Ore. 


This ore was first mentioned by Klaproth, but mistaken by 
him for arseniate of copper containing iron :|| it has been found 
in Carrarach and in Muttrell mines in Cornwall. For the de- 
scription of it we are indebted to Bournon, and for its analysis 
to Chenevix. | 

This ore is crystallized in cubes, which are sometimes a lit- 
tle flattened, and in some cases the angles are truncated, and 
small equilateral triangular faces substituted for them. Some- 
times the alternate angles only are truncated. Colour olive- 


_ green. Internal lustre glistening, between pearly and ada- 


mantine. Fracture imperfect foliated. In granular distinet 
concretions. ‘Translucent. Streak straw-yellow. Brittle. 
Soft. Specific gravity 3°00. Sometimes in the state of a pow- 
der of a reddish-yellow colour.** : | 


* Laugier, Ann. de Chim. ]. 214. + Cadet, Jour. de Phys. lviii, 261. 

+ Klaproth, Beitrage, iv. 120. § Hoffmann, iii. 2. 117. 

|| Klaproth’s Observations on the Minerals of Cornwall, p. 29. English 
Translation. 

** Phil. Trans, 1801, p. 190. 
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Its constituents are as follows: 


Arseniate of Iron. 


4 1 

Oxide of iron fgets i AR 4S 
Oxide Ob Coppers) ie wa irra ehieiay ulae 
Arsenic acid....... 2) Le Oe 
TCA G5 6a 4s Sn Bheshie inte a 
TEER eS Se ick nc he ee ee, te Cee 
OE ECT Re PC Te Drapes eg ne Dah A | 
100 99°5 


Sp. 4. Sulpharseniate. Ironsinter. Pitchy tron ore. Pit- 
tizile. 


This scarce mineral, which occurs in different parts of Sax- 


ony, seems first to have been brought into notice by the ana~ 


lysis of Klaproth, in consequence of which Karsten introduced 
it into his system. 

Colour yellowish, reddish, and blackish brown. Massive, 
and encrusting other minerals. Internal lustre shining and 
glistening, resinous. Fracture commonly conchoidal. Varies 
from transparent to translucent on the edges. Soft. Brittle. 

Pp g 


Very easily frangible. Specific gravity 2°40. According to_ 


the analysis of Stromeyer, it is composed of 


MATSONIC ACIG. obec e eet 26°06 
TEV IC ACI... les FU eo 
Oxide’of iron 300 oe. . , 33°46 


Oxide of manganese .. 0°59 
Water | seit bees 12043 


99°34§ 
Stromeyer conceives it to be an arseniate of iron with sul- 
phuric acid mechanically mixed. But the quantity of perox- 
ide of iron is sufficient to saturate both acids. It must therefore 
~ be acombination of arseniate and sulphate of iron. 


Sp. 5. Skorodite. || 
This mineral occurs in the Schneeberg mining district in 


Saxony, and likewise in Carinthia. It was ‘constituted into 


* Vauquelin. + Chenevix, Phil. Trans. 1801, p. 221. 
{ Karsten. § Gilbert’s Annalen, Ixi. 183. 
|| Annals of Philosophy, xii. 454. Hoffmann, iv. 2, 182. 
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a species by Breithaupt, who named it skorodite (cxopodoy, 
garlic) from the strong arsenical smell which it gives out when 
heated before the blow-pipe. 

Colour leek green, passing on the one side nearly to black, 
and on the other to liver brown. Massive, and crystallized in 
low, flat rectangular four- sided prisms, terminated by a rect- 

angular practic The narrow faces of the prisms are longi-. 
tudinally streaked, the broad faces are smooth. Lustre varies 
from shining to splendent, intermediate between vitreous and 
pearly. Fracture sometimes foliated with one cleavage paral- 
lel to the broad faces of the prisms; sometimes intermediate 
between uneven and small imperfect foliated. Usually trans- 
Jucent-on the edges; sometimes semi-transparent. Rather 
harder than calcareous spar. Easily frangible. Not particu- 
larly heavy. The small portion in the possession of Brei- 
thaupt did not enable him to ascertain the specific gravity. 

Before the blow-pipe it melts, emitting copious arsenical 
fumes, leaving a dark reddish brown mass, which, when kept 
in a red heat ‘till all the arsenic is driven off, becomes attract- 
able by the magnet. Breithaupt assayed it for copper without 
being able to detect any. He considers it as an arseniate of 
iron and manganese. 


Sp. 6. Chromate of Iron.* 


(his mineral, which has been found near Gassin in the de- 
partment of Var in France, in Siberia, near Baltimore, and in 
the Shetland Islands, is in irregular masses and crystallized in 
octahedrons. 

Colour brown, not unlike that of brown blende. Powder 
ash-grey. Fracture uneven. Opaque. Lustre glistening, 
slightly metallic. Hardness sufficient to scratch glass. Brit- 
tle. Easily frangible. Specific gravity 4°0326.t Does not 
melt before the blow-pipe per se; but melts with borax, and 
forms a fine green bead. Insoluble in nitric acid. Melted 
with potash and dissolved in water, the solution assumes a 
beautiful orange yellow colour. Its constituents are as fol- 
lows : 


* Brochant, ii. 554. Haitiy, iv. 129. Hoffmann, ii. 2. 226. 
+ Tessaert, / 


ORES. 
| . ea) t 
Oxide of chromium 43:0 ., 53 el ODT 
Oxide of iron .... 847 5, 934 re ISO 
Alumina “02552529908 6 4 eve AA OTO 
Silica 02 7: sabes eo brag. hore Bae DC) 
Kiggs. GA ss eos ee RR eh asta adh aM aS 


ee eee a 


‘SA 100 100 100 
Sp. 7. Silicate. 


We are acquainted with three different silicates of iron. 
The first is a hydrous silicate to which Berzelius has even 
the name of hedenbergite. The second is a double silicate of 
iron and lime, to which the French mineralogists have given 
the name of yenite. The third isa double silicate of iron and 
Manganese, distinguished by Haussmann by the name of 


pyrodmalite. 
1} Fedenbergite. § 


This mineral was first described and analysed in 1807 by 
Hedenberg in the second volume of the Afhandlingar. It 
occurs at ‘Tunaberg in Sudermannland in the mine called 
Mormors. It is associated with white calcareous spar in 
which it forms thin layers. Its surface is often sprinkled with 
cubic pyrites ; and masses of quartz and mica often intersect 
it. | 

Colour greenish black; sometimes passing into brown. 
Massive and composed of shining plates; by the fracture of 
which rhombs may be obtained, having angles nearly similar 
to those of calcareous spar. Fracture fibrous. Fragments 
indeterminate, sharp-edged. Streak olive-green. Scratched 
by fluor spar but not by calcareous spar. Powder olive-green 
inclining to brown. Phosphoresces both by heat and friction : 
but does not become electric. Specific gravity 3°154. Before 
the blow-pipe it loses its lustre and becomes magnetic. Its 
constituents according to the analysis of Hedenberg are as 
follows : 


* Vauquelin, Jour. de Min. No. ly. 593. Specimen from the Var. 
t Laugier, Phil. Mag. xxiv. 7. Specimen from Siberia. 

¢ Klaproth, Gehlen’s Jour. Second Series, i. 192. 

§ Afhandlingar, ii. 164, 
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Gilicac vat. HEY SUAS GR ROL ote. 3 Ud 84 
Black oxide of iron ...... 35°25 
WIS EGE 90h leh abs fond oa 3)* RO 
Lime Pee See ae chase eam 


Alumindg . dei- 3: a hese Wk oe 
Oxide of manganese ..... 0°75 
Carbonic acid .....eeeee 1:56 
Lose ek Soe sd a ela oe ee bes 

100°00 


9. Yenite*—Lievrite of Werner. 


This mineral was discovered and brought from the isle of 
Elba by Mr. Le Lievre. Its colour is sometimes velvet-black, 
sometimes brownish-black. It occurs both massive and crys- 
tallized. The form of the crystals is a rectangular four-sided 
prism, terminated by a flat four-sided pyramid, the sides of 
which are set upon the lateral sides of the prism at angles of 
104°, Sometimes the edges of the prisms are truncated. The 
sides of the first variety are longitudinally streaked. Fracture 
uneven. Lustre resinous. Cleavage threefold, two of them 
parallel to the sides of the prism, the third parallel to the 
shorter diagonal of the rhombs. Opaque. Semihard. 
Scratches glass, but not felspar. Specific gravity from 3°825 
to 4061+ When exposed to the air its surface acquires a 
brownish or ochre yellow colour. Before the blowpipe it 
melts into a black glass, attracted by the magnet. Soluble in 
muriatic acid. 

It forms beds in a rock which appears intermediate between 
actinolite and hornblende. 

Its constituents are as follows: 


Oxide of iron......-. 55 «22+ 5U'5 
Oxide of manganese... 3 .+++ — 
Silicavin'es. Ne ee RE eR aa gt Oe 
Alumina...... A Sas AYIA, alas eee 
MAILE 1s Gate & Pikes a Le ee awe 
TORS SCI eo ve Se eee 


100 100 


* Hoffmann, il. 1. 376. + Lelievre. 
+ Descotils, Gehlen’s Jour. Second Series, 11. 87. 
§ Vauquelin, ibid. 


ORES. 
3. Pyrodmalite.*- 


This mineral was discovered by Messrs. Clason and Henry 
Gahn, in the iron mine of Bjelke in Wermeland. It was 
named by Haussmann from the strong smell of chlorine which 
it emits when heated by the blow-pipe. 

Colour liver-brown. It is crystallized in six-sided prisms, 
which are sometimes very short and sometimes truncated on 
their terminal edges. Terminal planes of the crystals shining 
and pearly; lateral planes shining and vitreous. Principal 
fracture foliated with a four-fold cleavage; the most distinct 
is that parallel to the terminal planes. ‘The other three are 
parallel to the lateral faces and are less distinct. Lustre of the 
principal fracture shining, of the cross fracture glimmering. 
In straight lamellar distinct concretions. ‘Translucent on the 
edges. Scmihard. Streak brownish-white. Powder light- 
green. Specific gravity 4°081. Before the blow-pipe it gives 
out vapours of muriatic acid and melts into a bead which is 
attracted by the magnet. Its constituents according to the 
analysis of Hisinger are as follows: 


miliGa. . f65. Pakage oo OU 
Coride of iron ©, s.5.. oo. 35°480 
Oxide of manganese... . 23°444 
Muriatic acid ......... 5 OS 
PAG ccs ce ce act, ote Pee LO 
eG havea nuh aoe Pa sie taken 1:J11 
100000+ 


Sp. Szlicate of Iron-and-manganese. Knebelite.t 


Knebelite is a name given by Dobereiner to a new species 
of iron ore given him by Major von Knebel. ; 
Its principal colour is grey; but it is spotted smutty white, 
brownish red, brown and green. Massive. External surface 
uneven and full of holes. Lustre glistening. Fracture imper- 
fect conchoidal. Fragments indeterminate, sharp-edged. 
Opaque. Hard. Brittle. Difficultly frangible. Specific 
gravity 3°714. Infusible by itself before the blow-pipe; but 
with borax it melts into a dark olive-coloured bead. Its con- 
stituents, according to the analysis of Dobereiner, are as 
follows: 
* Afhandlingar, iv. 317. Ann. de Chim. et de Phys. x. 264. 
+ Afhandlingar, iv. 324. 
} Annals of Philosophy, xii. 391, Schweigger’s Jour. xxi. 49. 
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Protoxide of iron ...... 32 
Protoxide of manganese,. 35 


99°5 
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Sp. 9. Tungstate—Wolfram.* 


This, species is found in different parts of Germany, in 
Sweden, Cornwall, France, and Spain; and is almost con- 
stantly accompanied by ores of tin. It occurs both massive 
and crystallized. The primitive form ofits crystals, according 
to the observations of Mr. Haiy, is a rectangular parallelo- 
piped, whose length is 8°66, whose breadth is 5, and thickness 
4*33.+ In many cases, the angles, and sometimes the edges, 
of the crystal are truncated. 


Colour between dark-greyish and brownish-black. Streak 


reddish-brown. Powder stains paper with the same colour. 
Lustre glistening, metallic. Fracture foliated. Cross frac- 
ture coarse and small grained uneven. Easily separated into 
plates by percussion. In lamellar distinct concretions. Opaque. 
Soft. Brittle. Specific gravity from 7-130} to 7333.5 Mo- 


derately electric by communication. Not magnetic. Infusi- © 


ble by the blow-pipe. Forms with borax a greenish globule, 
and with microcosmic salt a transparent globule of a deep 
red. || 


Its constituents are as follows: 


Tungstic acid ..........- 67 cis ae FEAR EO 
Protoxide of iron.......-+- 18 ae 3) 1BBQO 
Protoxide of manganese .... 6°25 ..-. 6'220 
aba Lhe ae eee Ges si aed avila LD ie be APSO 


ioses4e'). nciiaeralion oti SER Gh eee 


100°0** 104°565 ++ 
/ 

* Kirwan, ii. 316. De Luyart, Mem. Thoulouse, ii. 141. Gmelin, Crell’s 
Jour. Eng. Trans. iii. 127, 205, and 293. La Perouse, Jour. de Min. No. 
iy.p. 23. Brochant, ii. 456. Hauy, iv. 314. Hoffmann, iv. 1. 242. 

+ Jour. de Min. No. xix. 8. + Gellert. § Haiiy. 

|| Vauquelin, Jour. de Min. No. xix. 11. 

** Vauquelin and Hecht, Jour. de Min. No. xix. p. 11. 

++ Berzelius, Af handlingar, iv. 302. 
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Sp. 10. Sulphate. 


This salt is found sometimes along with iron pyrites. Its hap ™ 
properties have been described “in a former part of this work. 

The mineral usually called native vitriol is a mixture of the 
sulphates of iron, copper, and zinc. 


ORDER X. ORES OF MANGANESE.* 


Ores of manganese occur both in primitive and transition 
mountains. ‘They are very common, having been found 
abundantly in Germany, irance, Spain, Britain, Sweden, 
Norway, Siberia, and other countries. 

Hitherto manganese has been only found in the state of 
oxide. La Perouse, indeed, suspected that he had found it 
in a metallic state; but the quantity was too minute to admit 
of decisive experiments. The following table exhibits the 
ores of this metal which have been described : 


I, OxIpks. ° | 

1. Grey ore. 

2. Black ore. 

3. Sulphuretted oxide. 
II, Sats. 


1. Phosphate. 
2. Silicate. 
3. Carbosilicate. 


GENUS I. OXIDES. 
Sp. 1. Grey Ore. 


This mineral is found in great abundance in different parts. 
of the earth. It is divided into four subspecies by Werner. 


Subsp. 1. Radiated Grey Ore. 


Colour steel-grey. Found massive and disseminated, and 
crystallized in four-sided prisms, either terminated by four- 
sided or by two-sided summits. The faces of the prisms are 
longitudinally streaked. Internal lustre shining, metallic. 
Fracture radiated. Surface of fracture streaked. Fragments 
splintery or wedge-shaped. In granular distinct concretions. 


* Pott, Miscelan. Berolens, vi. 49. Margraff, Mem. Berlin, 1778, p. 3. 
La Perouse, Jour. de Phys. xvi. 156, and xv. 67, and xxviii. 68. Sage, Mem. 
Par. 1785, p. 235. 

+ Kirwan, ii. 291. Brochant, ii. 414. Haiiy, iv. 243. Hoffmann, iv. 1. 
137. 
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Book UI. Streak similar. Stains. Soft. Brittle. Mather tough. Spe- 


cific gravity from 4°264 to 4°316.* 


Subsp. 2. Foliated Grey Ore. 


Colour steel-grey. Found massive, disseminated, and crys- 
tallized in longish rhombs. Internal lustre shining, metallic. 
Fracture foliated. Fragments indeterminate, blunt-edged. 
Streak black and dull. Stains. Soft. Brittle. Easily fran- 
gible. Specific gravity as in the former. 


Subsp. 3. Compact Grey Ore. 


Colour steel-grey. Found massive and disseminated. Ex- 
ternal lustre dull; internal glistening, metallic. Fracture 
even; sometimes inclining to flat conchoidal. Fragments in- 
determinate, not very sharp-edged. Usually unseparated ; 
sometimes in thick lamellar distinct concretions. In other re- 
spects resembles the preceding. 


Subsp. 4. Earthy Grey Ore. 


Colour dark steel-grey, inclining a little to bluish. Massive. 
Composed of delicate scaly particles, which have a glimmering | 
metallic lustre. Soils strongly. More or less cohering. Feels . 
fine but meagre. Moderately heavy. 

The grey ore of manganese, before the blow-pipe, becomes 
brownish-black, but does not melt. Tinges borax violet. 


Sp. 2. Black Ore of Manganese.t 


This ore is rare, and usually occurs along with grey anti- 
mony ore. Colour pitch-black. Found massive, or dissemi- 
nated, or crystallized in octahedrons. Surface of the crystals 
smooth and shining. Internal lustre glistening. Fracture 
imperfect foliated. Fragments indeterminate, blunt-edged. 
In small granular distinct concretions. Streak reddish-brown. 
Opaque. Semihard. Brittle. Heavy. 

The following table exhibits a view of the constituents of — 
these species, according to the analyses hitherto made: 


: Breithaupt. + Brochant, 11. 424. Hoffmann, iv. 1. 149. 
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Radiated Grey Ore. Compact Grey Ore. 


be! cae Oi LAG ee ae Ree igett ila 

Ox. of manganese...| 92°75] 99°25| 83°5| 82 | se | 68| 67 | 83-7] 72 
Oxide of iron....... —— — 3 Bi by Beg? Th fetes br ore 
Charcoal . v.22 — — — 15) — — OA] 
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Sp. 3. Sulphuretted Oxide. § 
Mangenblende of Werner. 


This mineral has been found in Cornwall, and at Nagyag 
in Transylvania. Colour, when fresh broken dark steel-grey; 
but on exposure assumes a brownish-black colour. Massive; 
also crystallized in oblique four-sided prisms. Lustre of the 
fresh fracture splendent ; of the tarnished surface shining and 
metallic. Fracture foliated, with different cleavages. Opaque. 
As hard as fluor spar. Sectile. Streak leek-green. Specific 
gravity 3:950.|| Before the blow-pipe gives out sulphur and 
tinges borax violet-blue. Its constituents are as follows: 


85 
Is 


ee 


Oxide of manganese.... 82°0 .. 
DIP, oe orc ere sso EL Oe 
Carbonic acid EO: ee, 
Loss vias Ba 


Reese eet 


e@eoeeoeeeoeeeeseeeeeses8 @ 


—100°0** 100 ++ 


___* Klaproth, Beitrage, iii. 303. The specimen was from Ilefeld in the 
‘Hartz. 

+ Cordier and Beaunier, Jour. de Min. No. lviii. p- 778. The first spe- 
cimen yielded 38 per cent. of oxygen, the second 36:5, and the third 42. 
The lime in the second specimen was in the state of carbonate. 

{ Cordier and Beaunier, ibid. The first specimen, from St. Micaud, 
yielded 33 per cent. of oxygen; the second, from Perigueux, 17 per cent. 
The lime in these was contaminated with some magnesia, iron, and manga- 
nese. The third specimen, from Romaneche, yielded 33:7 per cent of oxy- 
gen; the fourth, from Laveline, 17 per cent. The lime in this last was in 
the state of carbonate. 

§ Hoffmann, iv. 2. 197. 
** Klaproth, Beitrage, iii. 42. 
tt Vauquelin, Gehlen’s Jour. Second Series, ii. 34. 


|| Klaproth. 


495. 


Chap. IT. 


496 


Book Il. 


SIMPLE MINERALS. 


GENUS II. SALTS. 


Sp. 1. Phosphate of Manganese *__Pitchy Iron Ore. 


This mineral was discovered by Alluau near Limoges, and 
sent to Vauquelin as an ore of tin. It is found massive. Co- 
lour raven-black. Surface earthy, and without lustre: inter- 
nal lustre shining, resinous. Fracture flat conchoidal, and 
sométimes imperfect foliated. Fragments indeterminate, 
pretty sharp-edged. Translucent on the edges... When held 
between the eye and the light, appears blackish-green on the 
edges. Scratches glass. Brittle. Easily frangible. Specific 
gravity 3°562.+ Before the blow-pipe it melts into a black 
enamel. 

Its constituents are as follows : 

Phosphoric acid...... 27 
Oxide of manganese... 42 
Oxide of iron .......- 31 


100 t 
Sp. 2. Silicate of Manganese.§ 
Manganspath of Werner—Rhodorite of Jasche. 

This mineral is found at Longbanshytta in Wermeland, 
Sweden. Its colour is rose-red. Massive. Fracture foliated, 
with a threefold cleavage like felspar. Opaque when in large 
masses ; but the thin splinters are translucent. Strikes sparks 
with steel and scratches glass. Specific gravity 3°5384. Be- 
fore the blow-pipe it becomes dark-brown and at last fuses into 
a reddish-brown bead. 

Its constituents, according to the analysis of Berzelius are 
as follows : 

Peroxide of manganese .. 52°60 .. 54°42 
Shi cassis waite aaindse.@ ket «0G GO) epee OG 
Oxide of iron .......--- 4°60 .. Trace 
Hime \icsey ve es Oe Oe 
Magnesia .....++eeeeeees —— se 0°22 
Volatile matter......06. 275 «2 — 


101-05 || 105-76 ** 


» Jour. de Min. No. lxiv. 295. Ann. de Chim. xli. 242. Brochant, il- 
533. Hoffmann, i. 2. 300. . a9 

+. Breithaupt. { Vauquelin, Ann, de Chim, xl. 242. — 

§ Hisinger, Afhandlingar, 1. 105. Hoffmann, iv. 1. 155. . 

y Afhandlingar, 1. 110. 

** Berzelius, Schweigger’s Jour. xxi. 254. 
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Sp. 3. Carbo-silicate*-—Hornmangan. 
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This mineral was discovered some years ago by mine-com- Chap. U. 


missioner Jasche, at. Ilsenberg, in the Lower Hartz, and de- 
scribed by him in a small work published by him as long ago 
as 1807. A chemical analysis of it and several other manga- 
nese ores described by Jasche, was published by Dr. Du Ménil, 
of Wunstorf, in 1819, under the name of Kiesel~-mangane.t 
Soon after Dr. Germar, Professor at Halle, sent specimens 
for analysis to Dr. Rudolph Brandes in Salz Uflen; and a 
description by Germar, together with the.result of Brandes’s 
analyses, was published in Schweigger’s Journal. t The species 
described by Jasche are five in number ; viz. 


1. Allagite. 

2. Rhodonite. 

3. Hydropite. 

4, Photicite. 

5. Hornmanganese. é 

Of these, Hornmanganese appears to be a combination -of 
bisilicate of manganese and carbonate of manganese, com- 
posed of 2 atoms bisilicate + 1 alom carbonate; so that jits 
symbol is 2mS* + mC. Hydropite and Rhodonite for the 
most part belong to the last species, being silicates of manganese. 
Photicite and Allagite seem to be mixtures of silicate and carbo- 
silicate of manganese. I consider it as sufficient to give the 
characters of the pure carbosilicate. For the description of 
the other varieties I refer the reader to Professor Germar’s 
paper, quoted above. 

Hornmanganese has been divided by the German minera- 
logists into three subspecies, namely, conchoidal, uneven, and 
splintery hornmanganese, from the fracture. Conchoidal 
_hornmanganese occurs chesnut-brown, isabella~yellow, and 
even brownish-black. ‘The uneven variety is commonly yel- 
lowish-brown ; but it occurs also yellowish-grey and yellowish- 
white; while the splintery variety is greenish-grey, and some- 
times yellowish-grey or yellowish-brown. 

The fracture of the first variety is large flat conchoidal, 
sometimes passing into even, or into splintery; of the second 
variety, large and small-grained uneven; of. the third variety, 
splintery, sometimes inclining to even. Lustre glimmering or 


* Schweigger’s Jour, xxvi. 103. + Gilbert’s Annalen, lxi. 190. 
{ Vol. xxvi. p. 103. 
VOL. Ill. ak 
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Beck. dull. ‘Translucent on the edges. Hard enough to scratch 


glass. Brittle. Easily frangible. Specific gravity from 3°50* 
to 3°89.+ Phosphoresees before the blow-pipe and softens on 
the edges. Gives a hyacinth-red colour to borax. The con- 
stituents of these three varieties, according to the analysis of 
Brandes, are as follows: 


ict Ln a ialbeli seeeae annie teenie ei Se ee Seen 


Ist variety.| 2d variety. | 3d variety. 


eal 


Protoxide of manganese... ...| 54°85 54°929 | 57162 
Silica ..... , Vee Bt. 4138 -,..| 34°000 31°:000 35°000 
Carbonic acid ..6..-+-+e2+8: 8:000 | 10°000 | 5:060 
Water ....... ES i a os 2-000 1°500 2°500 
Lr Oe sik ccctece ob toe sto etastnl « Siete 0°500 0°500 © 0°250 . 
Dimes eecarees eee eee . pote race 1:000 "101 
‘Alumina 2242. od: ee See — 0°500 0'250 


99°357 | 99°429 |100°263 


————— 


ORDER XI. ORES OF URANIUM., 


The ores of uranium occur in Saxony, Bohemia, Norway, 
Cornwall, France, and are found in veins in primitive moun- 
tains. Hitherto it has been observed only in the state of 
oxide. The following are the species at present known: 


I. OxIwEs. 
1. Protoxide or pitch ore. 
2. Green mica or hydrate. 
3. Uran ochre or peroxide. 


GENUS I. OXIDES. , 
Sp.1. Putch Ore—Pechblende. $ 


This ore, which has been found at Johanngeorgenstadt in 
Saxony, Joachimsthal in Bohemia, and Konigsberg in Norway, 
is either massive or disseminated. 

Colour velvet-black or dark greyish-black. Streak similar. 
Internal lustre shining, resinous. Fracture imperfect flat con- 
choidal. Fragments indeterminate, sharp-edged. Occurs in. 
thick curved lamellar, and in coarse angulo-granular distinct 
concretions. Soft. Very brittle. Specific gravity from 
6'2045 to 6'440.§ Imperfectly soluble in sulphuric and mu- 


* Jasche. + Germar. - 
t Kirwan, ii. 305. Hoffmann, iv. 1, 271. . § Breithaupt. 
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riatic acids; perfectly in nitric acid and aqua regia. Solution chap. 1. 


wine-yellow. Infusible with alkalies in a crucible: infusible 
by the blow-pipe per se. With borax and soda forms a grey 
opaque slag; with microcosmic salt, a green glass. A speci- 
men of this ore from Joachimsthal, analyzed by Klaproth, con- 
tained 

MPa ies os SS 

Sulphuret of lead... 6:0 

Bilics .Gwlesall. . edhe 

Oxide of iron......  2°5 


100°0 * 
Sp. 2. Hydrate of Uranium—Uran Mica +—Green Mica— 
| Chalcolite. 

This substance is found in Cornwall, France, at Johann- 
georgenstadt, and near Eibenstock and Rheinbreidenbach.t+ 
It is sometimes in membranes, but more commonly crystallized. 
Its crystals are rectangular four-sided tables, cubes, and octa- 
hedrons. 

Colour glass-green, passing into emerald-green and into 
‘siskin-green. External lustre shining to splendent; internal 
shining and glistening, pearly. ‘Translucent. Fracture foli- 
ated. Soft. Sectile. Easily frangible. Specific gravity 3°3.§ 
Soluble in nitric acid without effervescence. Infusible by 
alkalies. ‘ 

Its constituents, aécording to the analysis of Mr. Gregor, 
are as follows: 

Oxide of uranium... 74°4 
Oxide of copper... 8:2 
Wistar esis: fyi onthe 
LOB vi heed» «ernitrgyO 


Sas 


100°0 | 


Sp. 3. Uran Ochre.** 


This species, which occurs along with the other ores of 
uranium,+"} is divided into two subspecies. 


* Beitrage, ii. 221. 

t Kirwan, ii. 304. Haiiy, iv. 283, Brochant, ii. 462. Hoffmann, iv. 
1. 275. 

} Gmelin. § Gregor. 

| Annals of Philosophy, v. 284. 

** Kirwan, ii..303. Brochant, ii. 466. Hoffmann, iv. 1. 279, 

tt Annals of Philosophy, Xill. 464. 

2K 2 
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Subsp. 1. Friable. 


Colour straw yellow, passing into lemon-yellow, into yel- 
Jowish-brown and orange-yellow, and sometimes aurora-red. 
Usually coats pitch ore. Friable, and composed of dull dusty 
particles. Soils feebly. Feels meagre. Light. 


Subsp. 2. Indurated. 


Colour as the preceding. . Massive and disseminated. In- 
ternal lustre dull; sometimes glimmering. Fracture small- — 
grained uneven ; sometimes passes into earthy, sometimes into 
small conchoidal. Fragments indeterminate. Opaque. Soft. 
Brittle. Soils a very little. Specific gravity 3°15 to 3°2438.* 


ORDER XII. ORES OF CERIUM. 


This metal has been found hitherto in the state of a salt 
only. Seven species are known, which are silicates or fluates. 

These are 

1. Silicate of cerium or cerite. 

9, Silicate of cerium and iron or allanite. 

3, Silicate of yttria, cerium, and iron, or gadolinite. 

4. Yttrocerite. 

5. Orthite. 

6. Fluate of cerium. 

7. Subfluate of cerium. 


Sp. 1. Cerite.+ 


This mineral is found in Bastnas near Riddarhytta in West- 
mannland. Colour between carmine-red, clove-brown, and 
reddish-brown. Massive and disseminated. Internal lustre 
scarce glimmering, resinous.- Fracture fine splintery. Frag- 
ments indeterminate, not remarkably sharp-edged. Opaque. 
Streak greyish-white. Powder reddish-grey. Semihard. 
Brittle. Specific gravity 4°660.. Its constituents, according 
to the analysis of Hisinger, are as follows : 


* Lametherie and Hat. 
+ Klaproth, Gehlen’s Jour. ii. 305. Beitrage, iv. 140. . Hoffmann, iv. 
1. 286. 
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siliga’, 3. Vi ese. deietiee 18°00 
Oxide of cerium ....... 68°59 
Oxide of iron ........- 2°00 
ime Pes Tepe ee 228 
Water and carbonic acid 9°60 
TOSS Gee Bhs oP i sie Cras ak ODO 


100°00* - 
Sp. 2. Allanite.+ 


This mineral was found by Giesecké, in a granite rock in 
West Greenland, and was described and analyzed by me about 
ten years ago. I have seen a specimen of the same mineral 
in the museum at the India-house which had been brought 
from Hindostan. Colour brownish-black. Hitherto it has 
been found only massive. External lustre dull. Internal 
shining and resinous. Fracture small conchoidal. Fragments 
indeterminate angular and sharp-edged. Opaque. Streak 
greenish-grey. Scratches glass and hornblende. — Brittle. 
Easily frangible. Specific gravity 3°523 to 4°001. Before the 
blow-pipe froths and melts imperfectly into a black scoria. 
Its constituents are as follows: 


Silica ee eee eae sae 
Oxide of cerium ... 33°9 
Oxide of iron ..... 25°4 
MoHNIe Seas s Pgs Oe” 
Alumina ......... 4°1 
Moisture ......... 4°0 


k 112°0 
Probably it is merely a variety of the following species : 


Sp. 3. Gadolinite.t. 


This mineral was first observed by Captain Arhenius lodged 
in a white felspar in the quarry of Ytterby in Sweden, and 
received the name Gadolinite, because Gadolin was the che- 
mist who first ascertained its composition, Colour velvet- 
black, passing sometimes to brown. Massive. Lustre shining 
glassy. Fracture conchoidal. Hard. Scratches quartz. 


* Afhandlingar, iii. 283. + Edinburgh Transactions, vi. 385. 
+ Hai, iii, 141. Brochant, ii, 512. Klaproth, i. 52, Hoffmann, 
ill. 2, 358. 
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Book Ie Opaque. Brittle. Specific gravity 4°0497.* Gelatinizes 


with hot diluted nitric acid. Before the blow-pipe decrepitates, 
and assumes a whitish red colour, but does not melt. With 


borax it melts into a topaz-yellow glass. -Its constituents are 
as follows: 


PSEC: utes eerie Uh encaione te se 25°80 .... 24°16 
PCL IAS pe otis ak ccs cinta 45°00 .... 45°93 
Protoxide of cerium ...... 16°69 .... 16°90 
Protoxide of iron ........ 10°26 =...» 11°34 
Volatile matter .......... 0°60, «6 »/e» 0°60 
08S! Uecy brcks bate dude tovnts ai Dia caper 


100°00¢ 100:00+ 


Sp. 4. Yétrocerite. 


This mineral occurs at Finbo in Sweden, and has been de- 
scribed and analyzed by Berzelius. It is found in amorphous 
masses, varying in size from a thin crust to half a pound in 
weight, disseminated through quartz. Its colour is various, 
violet, greyish-red, white, grey, often all mixed in the same 
specimen. Fracture foliated. Lustre glistening. Opaque. 
Scratched by the knife and by quartz. Scratches fluor spar. 
Specific gravity 3°447. Before the blow-pipe it loses its colour 
and becomes white; but does not fuse. When mixed with 
gypsum it melts readily into a bead. When in fine powder 
it dissolves completely in muriatic acid, and the solution has a 
yellow colour. Its constituents are 


A NING On Sse oe cake ee . 47°63 to 50°00 


Wttrid (eeu tees Fey Wie e et ie” kel cok Oa 
Oxide of cerium ......... 18°22 to 16°45 
Fluoric acid’. s%c-< sis ws ews « » 25°05 to 25°45 


100°01 100°00 
Or, 


Fluate of lime.,.... we.- 65'162 to 68°18 
Fluate of yttria SEM 11°612 to 10°60 
Fluate of cerlum..,..... 23°2296 to 21°22 


10000 =100°00 t 


* Hay. + Berzelius, Afhandlingar, iv. 225. t Ibid. 151. 
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This mineral occurs ina granite vein at Finbo in Sweden, chap. n. 


and was discovered during the summer of 1816, by Professor 
Berzelius and Assessor Gahn. It approaches gadolinite con- 
siderably in its appearance, but differs in its fusibility. Its 
constituents are : 


Silica. iO UPON. Qs 08 S200 
Lime AG. .o PISO IO Ge Bae 
Lorian bis 0012 909 sth ASO 
Protoxide of cerlum........ 19°50 
Protoxide of iron...... wooo 12°44 
Protoxide of manganese .... 3°44 
Vetta. 0. WP. erst B oda 
Waters srecuaiie Sale i utieiiess si, 0°36 
98°82 * 
A variety occurs at Korervet containing 25 per cent of 
charcoal, to which Berzelius has given the name of pyrorthite, 
because it takes fire before the blow-pipe. 


Sp. 6. Fluate of cerium. 


This mineral has been discovered at Finbo along with the 
preceding species. It is crystallized in regular six-sided prisms. 
Its constituents are 


Protofluate of cerium ........ 30°43 : 
Perfluate of cerium......-++. 68°00 


98°43 
Sp. 7. Subfluate of Cerium. 


This mineral occurs along with the preceding. It has a 
strong resemblance to porcelain’ jasper. Its colour is yellow, 
and its form gives marks of crystallization. It consists of 
fluoric acid combined with twice as much protoxide and per- 
- oxide of cerium as in the preceding species. 


ORDER XIII. ORES OF TANTALUM. 


This metal has been hitherto found only in the state of 
oxide, constituting two species, which have been distinguished 
by the names of éantalite and yttrotantalite. 


* Annals of Philosophy, ix. 160. 
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Sp. 1. Tantalite*—Columbite of Hatchett. 


peck ru,  Lhis mineral occurs in Finland disseminated in granite. It 
“~— has been lately’ found at Bodenmais, in Germany. It 
is not quite certain whence the specimen analyzed by Mr. 
Hatchett originated. It has been long known; but, before the 
analysis of Ekeberg, was mistaken for an ore of tin. Found in 
irregular crystals, which are oblique four-sided prisms. Colour 
between bluish-grey and iron-black. Surface smooth and 
glimmering. Internal lustre shining, metallic. Streak black- 
ish-grey, approaching brown. | Fracture large-grained uneven 
and imperfect foliated. Rather harder than felspar. Opaque. 
Not magnetic. Specific gravity 7:953.t Its constituents ac- 
cording to the analyses of Berzelius and Vogel are as fol- 
lows: 
Protoxide of tantalum...... 83°2 .s+.+0. 75 
*Protoxidé of iron ...<.veeees T2 seevane LT 
Protoxide of manganese ....  7'4...2+2. 5 
Oxide Of tin 2. {. js:eieiso:sine osiol O'6T. J iis eel 
LOSS. 9s a o.0o.c4e@ore sip. vis iD wine eee 


100°0t 100§ 


Sp. 5. Yéttrotantalite.| 


This mineral occurs along with gadolinite in the quarry of 
Ytterby. Colour dark iron-grey, yellowish-brown, and dark- 
brown. Occurs massive and crystallized in oblique four and 
six-sided prisms. Fracture foliated. Lustre glimmering and 
metallic. Powder grey. Opaque. Scratches glass. Speci- 
fic gravity from 5°395 to 5°882. Before the blow-pipe with 
phosphate of soda the black variety melts into a yellowish-red 
transparent glass, the yellow variety into a rose-red opaque 
glass, and the dark brown variety into a greenish-grey opaque 
glass. The constituents of this mineral according to the ana 
lysis of Berzelius are as follows : 


* Hoffmann, iv. 2. 191. + Ekeberg. 

t} Afhandlingar, iv. 264. ; . 

§ Vogel, Schweigger’s Jour. xxi. 60. The specimen was from Bodenmais. 
Its specific gravity was 6°464. 7 

|| Berzelius, Af handlingar, iv. 267. 
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Oxide of tantalum...... 57... GO°124 2. 51°815 
Tungstic acid .......066 8°25 oe 1044 2s 2592 | 
pebertaind,'. cole sev QOS 0s 29°780 .. 38°515 
Mime eee ial FES ON ee 6°25 .. 0°500 .. 3°260 
Oxide of iron A. oe .4 sa BBO TASES tc HOBBS 
Oxide of uranium ....... 0°50... 6°622 .. 1111 
UMHS: FRA EAS l a tly Ve 4B COME Ta” Bia 


100':00* 100:000* 100°000* 
ORDER XIV. ORES OF COBALT. 

Cobalt ores occur both in primitive, transition, and floétz 
mountains. They are not very abundant; and for that rea- 
son cobalt is more valuable than many of the other metals 
which have been already treated of. They are commonly ac- 
companied by nickel, bismuth, or iron. They are most abun- 
dant in Germany, Sweden, Norway, and Hungary; they have 
been found also in Britain and France, but not in any great 
quantity. 

Few of the ores of cobalt have been analyzed with precision ; 
hence the confusion which still obscures their mineralogical 
arrangement and description. The following table exhibits 
what are at present considered as the different species of these 
ores, arranged according to their supposed composition: 


I. Atxoys. 1. Black cobalt ochre. 
1. White cobalt ore. 2. Brown cobalt ochre, 
2. Glance cobalt. 3. Yellow cobalt ochre. 
3. Grey cobalt ore. IV. Satrs. 

II. Sutepuurers. 1. Arseniate of cobalt. 
1. Cobalt pyrites. . . 2. Sulphate. 


III. Oxipes. 


GENUS I. ALLOYS. 
Sp.1. White Cobalt Oret—Weisser Speisskobald of the 


Germans, atitsg! 

This is the most common species of cobalt ore. 

Colour tin-white, slightly inclining to reddish; acquires a 
greyish tarnish. Commonly massive, or in particular shapes ; 
sometimes crystallized in cubes or dodecahedrons. Crystals 
usually small; faces smooth. External lustre splendent; in- 
ternal glistening, metallic. Fracture fine grained uneven; 


* Berzelius, Afhandlingar, iv. 267. The first specimen was black, the 
second yellow, the third dark-brown, 
+ Hoffmann, iv. 1. 173. 
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sometimes fibrous and radiated. J’ragmentts indeterminate, 


“—/’ rather sharp-edged. Usually unseparated ; sometimes in gra- 


nular distinct concretions. Semihard. Brittle. Easily fran- 
gible. Specific gravity 6°258 to 6°484.* When struck with 
steel emits an arsenical smell. — 

Its constituents according to the analysis of Laugier are as 
follows: 
Arsenic’... 22+... 68°5 
LYON Sie sce ree eite tT 
Cobalt......4-.+- 96 
Sulphur. ....--+-- 70 
Silica windy waas- dom. 110 
Toseiaia . woes ~alelni | 492 


ieee 


100°0 + 
Sp. 2. Grey Cobalt Ore.t 


‘This ore occurs in various parts of Germany, Cornwall, 
France, &c. Colour light steel-grey, inclining to white; but 
when exposed to the air, is soon tarnished greyish-black. Mas~ 
sive, disseminated, tubiform, and specular. Internal lustre 


glimmering, metallic. Fracture even; sometimes passing into 


Jarge flat conchoidal, and into fine grained uneven. Frag- 
ments indeterminate, pretty sharp-edged. Seldom in lamellar 


distinct concretions. Streak similar. Semihard. Very brit- 


tle. Easily frangible. Specific gravity 6°135.§ 
Its constituents according to the analyses of Laugier and 
‘Stromeyer are as follows : 


Arsehidree..dkuSO. d.wiy eee 
Silica is ca iesis 0 Dj oie oe ese a Te 
Tron ceceeces 12S cecveces 3°4257 
Cobalt ....005 L2°7 we eeeees 20°3135 
—-— Copper 01586 
100°2|| Sulphur 0°8860 


99°0012 ** 


Does the silica in this ore exist in the state of silicon, or is 
dit a foreign body ¢ | 


* Breithaupt. + Aun. de Chim, lxxxx 34. 
+ Hoffmann, iv. 1. 184. § Breithaupt. 
| Ann, de Chim. Ixxxv. 33. ‘ 

** Stromeyer, Annals of. Philosophy, x. 228. 
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Found in beds in mica-slate, at Tunaberg in Sweden, from lp. 1. 


which most of the crystallized specimens are brought; at Los 
and at Modum, in Norway; and likewise at Giern, in Silesia. 
Colour silver-white ; sometimes tarnished grey. Massive, in 
various particular forms, and crystallized in cubes and ‘octa- 
hedrons. Surface of crystals smooth and splendent. Internal 
lustre glistening, metallic. Fracture foliated ; cross fracture 
small conchoidal. Fragments indeterminate, blunt-edged. 
Sometimes in granular distinct concretions. Semihard. Brit- 
tle. Easily frangible. Specific gravity 7°545.+ Streak grey. 
Its constituents are as follows: 


t § I 
Cobalt. ixaweeGiBe-% vols d4°O) ba 4783-1019 
Arsenic ..... 490. 4 . Siren 4:3°4.64:4 
robo. ..chtian 56 wees — 2.0. 393-94, 
Sulphur..... 65 ..+. O'5 .... 20°0840 
RM diihahet. OSs sh Oa wel Yer et, 0°1180 
100°0 ~100°0 100°0000 


GENUS II. SULPHURETs. 


Sp. 1. Cobalt Pyrites.** 

This mineral occurs at New Bastniis or St. Gorans mine at 
Riddarhyttan, in Sweden, in a bed of gneiss, where it ac- 
companies actinolite and copper pyrites. It had been re- 
peatedly mentioned by Swedish mineralogical writers, though 
it was not admitted into modern systems of mineralooy, 

Colour light steel-grey. Massive and crystallized, but so 
confusedly that the figure of the crystals cannot be determined. 
Lustre shining and metallic. Fracture granular uneven. 
Semihard, Not attracted by the magnet. Before the blow- 
pipe emits a sulphureous smell and melts into a grey bead, 
which when pulverized is attracted by the magnet. Colours 
glass and borax smalt-blue. Its constituents areas follows : 


* Hoffmann, iv. 1. 186. t Breithaupt. 
{ Tassaert, Ann. de Chim. xxviii. 100, 

§. Klaproth, Beitrage, ii. 307. 

|| Stromeyer, Annals of Philosophy, x. 228. 

** Wisinger, Afhandlingar, iii, 316, 
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Cobalt. <x snes. < oe 43°20 
Copper....eeeeeeee 14°40 
Tron seis s 6 oie seins owe, ee 
Sulphur ......+++. 38°50 
Stony matter ...... 0°53 
LASS iasksivrew aicinideeracea a at 


100°00 * 
It may probably be considered as a variety of white cobalt 
ore. 
GENUS III, OXIDES. 


Sp.1. Black Cobalt Ore.t 


This ore, which occurs in different parts of Germany, is 
either in the form of a powder or indurated. Hence it is 
divided into two subspecies. 

Subsp. 1. Earthy. 


Colour bluish-black; sometimes brownish-black. Com- 


posed of dull dusty particles, which soil very little; some- _ 


times loose. Lustre of streak shining. Feels meagre. Light, 
almost swimming. Before the blow-pipe gives a white smoke, 
which has an arsenical smell, and colours borax blue. 


Subsp. 2. Indurated. 

Colour usually bluish-black. Massive, disseminated, and 
asa coating. External lustre scarce glimmering; internal 
dull. Fracture fine earthy. Fragments indeterminate, blunt- 
edged. Lustre of streak shining, resinous. Very soft. 
Rather sectile. Very easily frangible. Specific gravity 2°200.f 
Considered as pure oxide of cobalt, but has not been 
analyzed. | 

Sp. 2. Brown Cobalt Ochre. § 


This ore seems peculiar to the floetz mountains. It is 


found in Saxony and Spain. Colour liver-brown ; sometimes 


passing into yellowish-brown, and into black. Massive and 


disseminated. Lustre dull. Fracture fine earthy. Fragments 
indeterminate, blunt-edged. Streak similar, but shining. 


Very soft, Sectile. Easily frangible. Light. 


* Hisinger, Afhandlingar, 111. 316. 

+ Kirwan, ii. 275. Brochant, il. 396. Haiiy, iv. 214. Hoffmann, iv. 
1. 192. 

{ Breithaupt. § Hoffmann, iv. 1.197. 
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Sp. 3. Yellow Cobalt Ochre.* 

This ore occurs in the same situation as the preceding, chap. 11. 
but is rarer. Colour dirty straw-yellow; sometimes passing : 
into yellowish-grey. Massive. Internal lustre dull. . Frac- 
ture fine earthy. Fragments indeterminate, blunt-edged. 

Streak shining. Soft, passing into friable. Sectile. Easily 
frangible. Light. 
| GENUS IV. SALTS. 


Sp.1. <Arseniate of Cobalt +—Red Cobalt Ochre. 


This species, which accompanies several of the other ores 
of cobalt, has been divided into two subspecies. 


Subsp. 1. Cobalt Crust—Earthy Red Cobalt Ochre. 


Colour peach blossom-red. Seldom massive; often in vel- 
vety coatings. Lustre glimmering or dull. Fracture fine 
earthy. Fragments indeterminate, blunt-edged, Scarcely 
soils, Streak shining. Very soft. Light. 


—Subsp. 2. Cobalt Bloom—Radiated Red Cobalt Ochre. 


Colour peach blossom-red; often cochineal and crimson- 
red, pearl-grey, greenish-grey. Massive, disseminated, reni- 
form, and crystallized in short needles, acute double six-sided 
pyramids, rectangular four-sided prisms. External lustre 
shining; internal glistening, pearly. Fracture radiated. 
Fragments splintery and wedge-shaped; sometimes in thin 
columnar distinct concretions, collected into coarse granular 
distinct concretions. Translucent.. Streak similar. Soft. 
Not particularly brittle. Rather sectile. Easily frangible. 
Light. 

Betore the blow-pipe becomes grey, and emits a garlic smell, 
but without smoke. Tinges borax blue. | 
- Its constituents, according to the analysis of Bucholz, are 
8 follows: 

ATSENIC ACId, 5 14). Sateen ne WOO 
Oxide of cobalt.......... 39°2 
WV ALED 5. 00 tian hema eee 


(Olas ae 


100°0 ¢ 


* Hoffmann, iv. 1. 199. 

+ Klaproth, ii. 278. Brochant, ii. 403. Haiiy, iv. 216. Hoffmann, iv. 
ty 201. 
{ Gehlen’s Journal, Second Series, ix. $14, 
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Sp. 2. Sulphate of Cobalt.* 


This mineral has been found at Bieber near Hanau in Ger- 
many. For its description and analysis we are indebted to 
Kopp. Its colour is light flesh-red passing into rose-red. Its 
form is stalactitical. External lustre dull; sometimes though 
rarely it has a silky lustre. Fracture earthy. In granular 
distinct concretions. Opaque. Streak reddish white. Soft. 
Brittle. Easily frangible. Light. . Has a styptic taste and is 


soluble in water. Its constituents are as follows: 


Sulphuric acid....... fag tos 

Oxide of cobalt ........ 38°71 

NV CNT Ss se sss a sales © ek aoe 
100°00 

It is obviously a compound of 

Sulphuric acid ..... ... 1 atom 

Oxide of cobalt........ 2 atoms 

NY der onto wiisesctere a .. 9 atoms 


ORDER XV. ORES OF NICKEL. 


Hitherto the ores of nickel have been found only in a small 
quantity, and always in veins. ‘They occur both in primitive 
and floetz mountains, and are usually accompanied by cobalt. 
Hitherto only 5 species of nickel ores have been recognised 
by mineralogists. 

GENUS I. ALLOYS. 


Sp. 1. Native Nickel.+ 


This mineral has been hitherto found only in the mine 
named Adolphus at Johanngeorgenstadt in Saxony, and at 
Joachimsthal in Bohemia. Colour bronze-yellow; but fre- 
quently tarnished various shades of grey. In capillary crystals 
which are either promiscuous or scopiformly aggregated. Ex- 


ternally shining or splendent, unless where tarnished. Inter- 


nally splendent and metallic. Cross fracture even, passing into 
very flat conchoidal. - Opaque. Semihard, passing into soft. 
Intermediate between brittle and sectile. Very easily frangi- 
ble. More or less elastic flexible. 

It consists of nickel alloyed with a little cobalt and arsenic. 


* Kopp, Gehlen’s Jour. Second Series, vi. 157. 
+ Hoffmann, iv. 1. 168. 
{ Klaproth, Ann, de Chim. lxv. 186. 
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Sp. 2. Arseniuretted Nickel.—Copper Nickel. 


This, which is the most common ore of nickel, occurs chap. 1. 
either massive or disseminated, but never crystallized. 


Colour copper-red. Internal lustre shining metallic. Frac- 
ture imperfect conchoidal; sometimes passing into coarse and 


small grained uneven. Fragments indeterminate, sharp-edged. 


Semihard. Brittle. Rather tough. 


Specific gravity 7°545 


to 7°587.+ Before the blow-pipe exhales an arsenical smoke, 
and melts into a bead; which darkens by exposure to the air. 
This ore, when pure, is merely an alloy of nickel and arsenic; 


but it frequently contains cobalt and 


iron, &c. 


The following table exhibits the result of the analyses 
hitherto made to determine its composition. 


Nickels yo 4 coeeee 48°90...... 39°94 
FRPSeIIG Ce eet ae 46742 2... - 48°80 
Ton age eae 0°34)... 0. Trace 
AUPE SS sci 's eae OBO SPIE, - 2°00 
Antimony ...... oes 8°CO 
ES alec a imits OF6Gs E293 we 
NTE gee ah gg OU ei ah aa snes he 
oe iiey i OR #10 
100°00 ¢ 100°00 § 


Sp. 3. 


Glancenickel.| 


This ore occurs at Helsingland, in Sweden, and was first 
noticed by Cronstedt.** But for the first accurate description 
and analysis of it we are indebted to Professor Pfaff 

Its colour when fresh broken is light lead grey, approaching 


to tin white; but it soon changes to t 
‘the colour of copper nickel appears 


covered with apple-green or black ochre: Massive. 


fresh broken it is shining, metallic. 


hat of steel; and in spots 
on it. It is sometimes 


When 


Fracture foliated. Com- 


posed of small granular distinct concretions, which give it the 


* Kirwan, ii. 286. Brochant, ii. 408. Haiiy, iii. 503. 


1. 164. 
+ Breithaupt. : 
] Pfaff, Schweigger’s Jour. xxii. 256. The s 
§ Berthier, Ann. de Chim. et de Phys. xiii. 
Allemont. It obviously contained 
mony. 
_ || Pfaff, Schweigger’s Jour. xxii. 260. 


** See Cronstedt’s Mineralogy, by Magellan, ii, 342. 


Hoffmann, iv. 


pecimen was from Riegelsdorf. 
5244The specimen was from 


Toth of its weight of sulphuret of anti- 


Olt 
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Book tt. aspect of steel-grained lead ore. Fragments indeterminate, 


blunt-edged. Opaque. Streak similar. Semihard. Very 
brittle. Very easily frangible. Specific gravity 6°129.* Its 
constituents, according to Pfaff’s and Dobereiner’s analyses - 
are as follows: 


Nickelbisiarviodsletes astei@442! wee oma JT 
Arsenic suis eae weels 45°90) on ae ale s-48 
Trans lad ochatlace. pa ADAG alt weal At 
Sulphur .......0+- 12°36 .eeeeee Tf 


93:14 100¢ - 


It is. obvious that this ore is a mixture or chemical com- 
pound of arseniuret of nickel with iron pyrites 

The Hungarian mineral to which Lampadius has given the 
name of Wodan pyrites seems to be merely a variety of glance- 
nickel. Its constituents, according to the analysis of Stro- 
meyer, are as follows: 


Nickelj go van ign sires (aren Fe graeee 
Cobalt with some manganese.... 4°2557 
Itoh .c este e tthe eedecdronede BLAS 
Copper. Uy aa eee cc es OFBTB 
Pee) ie SPST a 
Witimotiy. 2... . saved. sso. owe Drace 
Arsenic Gag yea. nee: SEZORS 
Sulphur :......eceeseeeeceees 1OTI37 


HN name 


99°7979 § 
GENUS II, OXIDES. 
Sp. 1. Nickel Ochre.\\ 


This mineral occurs almost always as a thin coating. Sel- 
dom massive. : 7 
Colour apple-green. Composed of dull dusty particles, 
which scarcely soil. Loose. Feels meagre. Specific gravity 
‘nconsiderable. Stains. Slowly dissolves in acids: solution 


* Pfaff. 

+ Pfaff, Schweigger’s Jour. xxii. 269. 

t Dobereiner, ibid. xxvi. 270. The specimen was from Kammsdorf in 
Saalfield. The nickel was not free from cobalt. . 

§ Gilbert’s Annalen, lxiv. 340. 

|| Kirwan, ii. 284. Brochant, ii. 411. Haiiy, iii. 516. Hoffmann, iv. 
1. 171. ' 


ORES. 61g 


green. Before the blow-pipe does not melt; but gives a hya- chap. mn 
cinth-red tinge to borax, and is reduced. Insoluble in nitric 
acid. 
According to the analysis of Lampadius, it is composed of 
side! OF Monel", ae ee Pre eee 
Oxideror irons) .f, So EAR ogg 
OV Ate POE AP PEN eee I es 


100°0* 
GENUS Ill. SALTS. 


Sp. 1. Arseniate of Nickel.+ 


This salt has been observed at Allemont in Dauphiné, and 
always adhering to arseniuret of nickel. Sometimes it is com- 
pact, and of a fine apple-green colour, sometimes friable and 
of a greenish-white colour. Its composition, according to the 
analysis of Berthier and Dobereiner, is as follows: 


Protoxide of nickel .... 36°2 

Protoxide of cobalt .... °2°5.... 75 Arseniate of Nickel: 
ATSEMIC AIC...» . ..0 < 36°8 

On os owe» 24°62. 25 Water. 

BE ails ah ois oc’ | LYACE, 


es 


100°0¢ 1008 
It is obvious that this salt is a subtritarseniate of nickel. 
ORDER XVI. ORES OF MOLYBDENUM. 
GENUS I. SULPHURETS. 
Sp. 1. Common Sulphuret ||—Molybdena—Wasserblei. 


This ore, which is the only species of molybdenum ore at 
present known, is found commonly massive; sometimes, how- 
ever, it is crystallized in hexahedral tables and prisms. Its 
primitive form, according to Haiiy, is a rhomboidal prism 
with angles of 60° and 120°. 


* Handbuch, p. 297. 

f Berthier, Ann de Chim, et de Phys. xiii. 56. Dobereiner, Schweigger’s 
Jour. xxvi. 270. 

t Berthier. § Dobereiner. 

|| Kirwan, ii. 322.. Scheele’s Works, i. 236, French Translation. Pel- 
letier, Jour. de Phys. xxvii. 434. Ilsemann, ibid, xxxiii. 292. Sage, ibid. 
(889. Klaproth and Modeer, Ann. de Chim, iii, 120. Brochant, ii. 432. 
Haiiy, iv. 289. Hoffmann, iv. 1. 231. : 

VOL, III. 21 
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Colour light lead-grey. Streak similar. Lustre splendent, 


~~v— metallic. Fracture perfect foliated. Lamellee slightly flexible. 


Occurs in large and coarse granular distinct concretions. Soft. 
Easily frangible. Splits easily. Sectile. Specific gravity 
4°569* to 4°7385.+ Feels greasy; stains the fingers. Marks 
bluish-black. A piece of resin rubbed with this mineral 
becomes positively electric.} Insoluble in sulphuric and mu- 
riatic acids; but in a boiling heat colours them green. Effer- 
vesces with warm nitric acid, leaving a grey oxide undissolved. 
Before the blow-pipe, on a silver spoon, emits a white smoke, 
which condenses into a white powder, which becomes blue in 
the internal, and loses ‘ts colour in the external flame. 
Scarcely affected by borax or microcosmic salt. Effervesces 
with soda, and gives it a reddish-peari colour. 
Composed of about 60 molybdenum 
40 sulphur 


a 


100§ 


ORDER XVII. ORES OF TIN. 


Tin ores are by no means numerous; but where they do 
occur they are usually abundant. In Europe only three tin 
districts are known: the first is in Germany, between Saxony 
and Bohemia: the second in Spain, in that part of Gallicia _ 
which borders on Portugal; and the third in Cornwall. In 
Asia, it abounds in Siam and the island of Banka: it is said 
likewise to have been discovered in Chili. ‘The ores are con- 
fined to the primitive mountains, or they occur in alluvial 
land, and have obviously been washed from primitive moun- 
tains. Few metals exhibit a smaller variety of states ; since it 
has hitherto been found only in three, as may be seen from — 
the following table: 


I. SULPHURETS. 

1. Sulphuret of tin and copper. 
II. OxiIpEs. 

1. Tin-stone. 

2. Wood-tin. 


* Karsten. + Brisson. 

{ Haiiy, Jour. de Min. xix. 70. 

§ Klaproth. This result agrees exactly with the analysis of this ore by 
Bucholz. See Gehlen’s Jour. iv. 603. 


/ 


ORES. 
GENUS I. SULPHURETS. 


Sp. 1. Tin Pyrites.* 
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Hitherto this ore has only been found in Cornwall. There chap. 


is a vein of it in that county, in the parish of St. Agnes, nine 
feet wide and twenty yards beneath the surface.+ 

Colour between steel-grey and brass-yellow. Massive and 
disseminated. Internal lustre shining, metallic. Fracture 
usually uneven; sometimes conchoidal and imperfect foliated. 
Fragments blunt-edged. Easily frangible. Yields easily to 
the knife. Brittle. Specific gravity 4°350.t Before the 
blow-pipe it melts easily, with a sulphureous smell, into a black 
bead, and deposits a bluish oxide on the charcoal. The com- 
position of this ore, as Klaproth informs us, was first discover- 
ed by Mr. Raspe. According to Klaproth’s analysis, it is 
composed of 


it READ na aie eal tec I 26°5 
EPBNGE hi sish mint asso tus 30 
PEDO imacds ws aye AP EORIT iets 
DAQR ati tieisias veneanc eet at ae: 12 
Loss IRN ARIAL AGE ES 1 
100°0§ 


GENUS II. OXIDES. 
Sp. 1. Tin-stone. || 


This ore, which may be considered as almost the only ore 
of tin, occurs in masses, in rounded pieces, and crystallized. 
These crystals are very irregular. Haiiy supposes that their 
primitive form is a cube;** but Romé de Lisle, with more 
probability, makes it an octahedron;++ and in this opinion 
Mr. Day agrees with him.f{{ The octahedron is composed of 
two four-sided pyramids applied base to base. The sides of the 
pyramids are isosceles triangles; the angle at the vertex of 
which is 70°, and each of the other angles 55°. The sides of 
the two pyramids are inclined to each other at an angle of 
90°.§§ This primitive form, however, never occurs; but crys= 


* Kirwan, ii. 200. Brochant, ii. 332. Haiiy, iv. 154. Hoffmann, iv. 1. 
51. Ann. de Chim. liii. 266. 

+ Klaproth’s Cornwall, p. 21. + Klaproth. § Beitrage, v. 230. 

Kirwan, 1i. 197, Brochant, ii. 354. Haiiy, iv. 137. Hoffmann, iv. 
1, 56. , 

** Jour. de Min. xxxii. 576. tt Crystallog. iii. 413. 

}t Phil. Mag. iv. 152. §§ Romé de Lisle, Phil. Mag. iv, 152. 
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tals of tin-stone are sometimes found, in which the two pyra- 


“V™ mids are separated by a prism. For a complete description 


of the varieties of the crystals of tin-stone, the reader may 
consult Romé de Lisle, Mr. Day,* and above all Mr. 
Phillips.+ 

Colour blackish-brown; sometimes passing into velvet- 
black and reddish-brown, yellowish-grey, green, yellowish and 
grecnish-white. Streak greyish-white. Internal lustre shin- 
ing, between resinous and adamantine. I racture uneven, in- 
clining to imperfect conchoidal. Very seldom foliated. Frag- 
ments blunt-edged; often in granular distinct concretions. 
Translucent and also opaque. Hard. Easily frangible. 
Brittle. Specific gravity 6°76 to 697.1 Before the blow- 
pipe it decrepitates, and on charcoal is partly reduced. Tinges 
borax white. 


Sp. 2. Wood Tin.§ 


This mineral has hitherto been found only in Cornwall and 
in Mexico. It occurs always in fragments, which are gene- 


rally rounded. Colour hair-brown; passing into wood-brown, 


yellowish-grey, and reddish-brown. Streak yellowish-brown. 


“Internal lustre shining, resinous. Opaque. Fracture fibrous. 


Fragments wedge-shaped and splintery. In granular distinct 
concretions. Specific gravity 6°450.|| Hard. Before the 
blow-pipe becomes brownish-red; decrepitates when red-hot, 
but is not reduced. Dr. Clarke fused it by means of the oxy- 
gen and hydrogen blow-pipe. It then acquires a decided me- 
tallic lustre; but is not reduced. 

The following table exhibits the constituents of the pre- 


ceding species, according to the result of the most accurate 


analyses hitherto made: 


* Romé de Lisle, Phil. Mag. iv. 152. 

+ Geological Transactions, vol. 1. + Klaproth. 

§ Kirwan, ii. 198. Brochant, ii. 340. Haity, iv. 147. Hoffmann, iv. 
1. 53. 

|} Klaproth, 


ORES. 
| Tin-stone. hn 
dy lire ME ad i az l 
Oxide of tin 24) 28." AE Na? 99°5| 84 | 95 | 93°6! 91 
Oxide of tantalum ....) — ae ee ee Ot Alith Same 
Oxide: ofavon tek... oe. Oe ate OFS)" > 9 5 1°4 5g 
Oxide of manganese ..| — — | — | — OSS ire h ees 
Or i ane Se O75) — 7{/—];— — 
LSC ER RSPR RR ie Bea PE — j— | — 183 sic 


100°00 |100°0 {100 [100 '100:0!} 100 


ORDER XVIII. ORES OF TITANIUM. 


Hitherto titanium has been found almost exclusively in the 
primitive mountains, the Carpacks,** the Alps,++ and the 
Pyrenees, t{ in Brittany, §§ and in Cornwall; or in alluvial 
sand. ‘The following are the ores of this metal hitherto 
observed : 


I. Oxipes. a. Menachanite. 
1. Pure. ) b. Iserine. 
a. Rutile. } c. Nigrine, 
b. Anatase. II. Saurs. 
2. Oxides of titanium and 1. Silicate or Sphene.- 
iron. 


GENUS I. OXIDES. 


Sp.1. Rutile||\|—Red Schorl—Titanite of Kirwan—Sagenite 
of Saussure—Nadelstein, 

This ore has been found in Hungary, the Pyrenees, the 

Alps, in Brittany, in France, and in Scotland. It is generally 

crystallized. The primitive form of its crystals, according to 


* Klaproth, Beitrage, ii. 256. ft Lampadius, Handbuch, p- 280. 

t Collet Descotils, Ann. de Chim. liii, 268. 

§ Berzelius, Afhandlingar, iv. 164, The specimen occurs in grains in 
the rock at Finbo. Its colour is black and its specific gravity 6:55. The 
tantalites in that district contain tin, and the grains of tin-stone contain 
tantalum. 

|| Vauquelin, Gehlen’s Jour. v. 251. 

** Jour. de Min. No. xii. 51. 

tt Dolomieu, ibid. No. xlii. 431; and Saussure, Voyages, No. 1894. 

qi Jour..de Min. No. xxxii. 614. §§ Ibid. 

I||| Brochant, ii. 470, Haiiy, iv. 29. Kirwan, ii. $29. Hoffmann, iv. 
4.252, : 
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Book I. the observations of Haiiy, is a rectangular prism, whose base 


~ 


isa square; and the form of its molecules is a triangular 
prism, whose base is a right-angled isosceles triangle ; and the 
height is to any of the sides of the base about the right angle 
as /12 to /5, ornearly as 3:2.* Sometimes the crystals © 
are six-sided, and sometimes four-sided prisms, and often they ' 
are implicated together.. Sometimes acicular. | 

Colour dark blood-red, passing into light hyacinth and 
brownish-red. Crystals longitudinally streaked. External 
lustre shining; of principal fracture splendent; of cross frac- 
ture shining, adamantine. Principal fracture foliated ; cross 
fracture imperfect small conchoidal. Fragments cubical. 
Translucent. Sometimes shows slender columnar distinct 
concretions. Hard. Brittle. Streak pale-yellow or orange- 
yellow. Easily frangible. Specific gravity from 418+ to 
4°2499.+ Not affected by the mineral acids. When fused 
with carbonate of potash, and diluted with water, a white 
powder precipitates, heavier than the one employed. Before 
the blow-pipe it does not melt, but becomes opaque and 
brown. With microcosmic salt it forms a globule of glass, 
which appears black; but its fragments are violet. With 
borax it forms a deep yellow glass with a tint of brown; 
with soda it divides and mixes, but does not form a trans- 
parent glass. 

According to Klaproth it is pure oxide of titanium. § Vau- 
quelin found in it traces of iron, manganese, and silica. || 

Sp. 2. Anatase **—Octahedrite. 

This mineral has been hitherto found only in Dauphiny, 
at St. Gothard, and in Norway. It is always crystallized. 
The primitive form is an elongated octahedron, whose base is 
a square: the inclination of the two pyramids is 137°. The 
summits are sometimes complete and sometimes truncated. 
Colour from indigo-blue passes to reddish and yellowish- 
brown. Faces of the crystals transversely striated. Lustre — 
splendent, adamantine. Fracture foliated. ‘Translucent. 
Scratches glass. Brittle, easily broken. Specific gravity 
8°8571.4+ 

By the analysis of Vauquelin it is pure oxide of titanium. 
The different crystalline figures of these two species, and the 


* Jour. de Min. No. xv. 28, and xxxil. 615. + Klaproth. 
{ Vauquelin and Hecht. § Beitrage, i. 233, and ii. 222. 


{| Jour. de Phys. Ixvi. 345. 
** Haiiy, ili. 129. Brochant, ii, 548. Hoffmann, iv. 1. 249. +t Hauy. 


: | ORES. . 
other differences in their external characters, have not yet been 


accounted for by mineralogists. Probably they constitute two 
different oxides of titanium. 


Sp. 3. Menachanite.* 

This substance was found in the valley of Menachan in 
Cornwall; and hence was called menachanite by Mr. Gregor, 
the discoverer of it. It has been since observed in the Island 
Providence, in Botany Bay, ‘and in the Mica-slate mountains 
near Genoa.t It isin small grains like gun-powder, of no 
determinate shape, and mixed with a fine grey sand. 

Colour greyish-black. Easily pulverised. Powder at- 
tracted by the magnet. Surface rough and glimmering. In- 
ternal lustre shining, adamantine; passing into semimetallic. 
Fracture imperfect foliated. Fragments indeterminate, sharp-~ 
edged. Opaque. Soft. Brittle. Streak similar. Specific 
gravity 4°427. With two parts of fixed alkali it melts into 
an olive-coloured mass, from which nitric acid precipitates a 
white powder. ‘The mineral acids only extract from it a lit- 
tle iron. Diluted sulphuric acid mixed with the powder in 
such a proportion that the mass is not too liquid, and then 
evaporated to dryness, produces a blue-coloured mass. Be- 
fore the blow-pipe does not decrepitate nor melt. It tinges mi- 
crocosmic salt green ; but the colour becomes brown on cool- 
ing; yet microcosmic salt does not dissolve it. Soluble in borax, 
and alters its nature in the same manner. Its constituents 


are as follows: 
Menachanite, 


t S - I re 
Oxide of titanium .. 45 .. 45°95 .. 43°5 .. 40 
Oxide of iron ...... AO oo) SF ae BOP AG. ha ao 
Oxide of manganese — .. 025 .. 0°99 .. — 
ST pa ae Ma a MAURIE, 7,75 Ves tay 4 Raa 
Alomina:. | oie 0b 6c ee As a ED, 
TIERS oa eta oleae 9... — .. O8 ..— 


ea ee eee eee oo ——= 
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* Kirwan, ii. 326. Gregor, Jour. de Phys. xxxix.72and 152. Schmeis- 


ser, Crell’s Annals, Eng. Trans. 111.252. Brochant, ii. 468. Hoffmann, iv. 
1. 247. 

¢ Viviani, Nicholson’s Jour. xxvi. 94. 

t Gregor, Jour. de Phys. xxxix. 73 and 152. Under the loss a little 
silica and manganese are included. 


§ Klaproth, Beitrage, ii. 231. || Lampadius, Handbuch, p. 322. 


** Chenevix, Nicholson’s Quarto Jour. v. 132. 
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Sp. 4. Jserine.* 


This mineral has been found in the sand of a small river in 
Bohemia called Jser, and in the sand of the Don in Aberdeen- 
shire. Likewise in Cheshire, on the banks of the Mersey. 
It is in the state of small angular grains and rolled pieces. 

Colour iron-black, bordering on brown. Internal lustre 
glistening, semimetallic. Fracture conchoidal. Opaque. 
Hard. © Brittle. Streak similar. Specific gravity 4°650.+ 
Its constituents are as follows : 


i § 

Oxide of titanium........ AL eens 
OChscicdec ot avon 2 eee tee ROA ee eT 
TAMBILEORIA Say ich RENEE Uh See aR EeE ee 16°8 ....— 
Alem ined) RIS ae ogee Bio: — 
Uranium oxide......... MOE We eRe 
103'9 100 


Sp. 5. Nigrine. 

This species, like menachanite, is found in the alluvial 
formation. It occurs in Transylvania, Siberia, Ceylon, &Xc. 
Colour dark brownish-black, passing into velvet-black. 
In larger and smaller angular grains and rolled pieces. 
Lustre shining, adamantine. Principal fracture imperfect 
straight foliated; cross fracture flat imperfect conchoidal. 
Fragments indeterminate, sharp-edged. Opaque. Semihard. 
Brittle. Streak yellowish-brown. Specific gravity 4°445 to 
4°673.|| Not attracted by the magnet. Infusible before the 
blow-pipe. With borax melts into a hyacinth-red bead. 
Its constituents are as follows: 


Ted Ty ee 
Oxide of titanium..... 84 .. 53 .. 63 
Oxide ofsiron:. 2.06%. 140°) S47 ad ee 
Oxide of manganese . DS ewe ate 


100° AOS Aa 


* Brochant, 11.478. Hoffmann, iv. 1. 258. + Klaproth. 

+ By my analysis, Trans. Edin. vi. 260. The specimen was from the 
river Don, Aberdeenshire, and was not quite free from quartz and felspar, 
and probably contained also a portion of iron-sand. For it was originally 
mixed with iron-sand, which was separated by the magnet. 

§ Klaproth, Beitrage, v. 208. || Klaproth and Lowitz. 

** Klaproth, Beitrage, 1. 233, and ii. 222. 

+t Lowitz, Crell’s Annals, 1799, i. 183. 

$f Vavuquelin and Hecht, Jour. de Min. No. xix. 57. 
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Sp. 1. Stlicate—Sphene—Sphene Ore *—Titanite—Rutilite— 
Brown Ore. 

This ore has hitherto been found only near Passau in 
Bavaria, and at Arendal in Norway,. and near St. Gothard. 
It was discovered by Professor Hunger. It is sometimes dis- 
seminated, but more commonly crystallized in four-sided 
prisms, not longer than one-fourth of an inch. -Primitive 
form a rhomboidal prism. 

Colour reddish, yellowish, or blackish-brown. Streak and 
powder grey. Lustre of crystals shining, of cross fracture 
glimmering, of longitudinal fracture glistening. Fracture 
scopi-form radiated; sometimes straight foliated. | Cross 
fracture flat conchoidal. Fragments indeterminate; some- 
times inclining to rhomboidal. Usually in coarse and 
longish granular distinct concretions. Translucent on the 
edges, or opaque. Hard. Brittle. Easily frangible. Spe- 
cific gravity, when brown, 3°510, + when yellow $°702, ¢ of 
sphene 3°490.§ Muriatic acid, by repeated digestion, 
dissolves one-third of it. Ammonia precipitates from this 
solution a clammy yellowish substance. Infusible by the 
_blow-pipe, and also in a clay crucible; but in charcoal js 
converted into a black opaque porous slae. Its constituents 
are as follows: 


| ie ay 
Oxide of titanium .... 33 .. 58°... 46 
Stites ho oe Penistone 
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REET ig SS) ne nb ae Ce aia 
Loss GRRE See res OR eh Sa 


101 100 100 


ORDER XIX. ORES OF ZINC. 


Though the ores of zinc are very few in number, they are 
by no means scarce. Blende, the most abundant of them, 


* Kirwan, ii. 331. Brochant, ii. 474. Haiy, iv. 307. Hoffmann, iv. 
1. 260, 263, and 265. ; 

T Klaproth. + Haussman. § Klaproth. 

|| Klaproth, Beitrage, i.251. The specimen analyzed was the brown 
Variety. 

** Abelgaard, Haity, iv. 308. 

tt Klaproth, Beitrage, v. 244. The specimen was a sphene. 
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occurs most frequently in transition rocks, though sometimes 
also it is found in primitive and floetz rocks, and is almost 
always accompanied by Galena. Calamine, the other princi- 
pal ore of zinc, seems to be nearly confined to floétz rocks ; 
and it occurs most frequently in beds in a particular lime- 
stone. 

The following table exhibits the different states in which 
this metal has hitherto occurred: 


[. SULPHURETS. 1. Silicate. 
1. Blende. 2. Anhydrous carbonate. 
Il. OxipEs.. _ 8. Hydrous carbonate. 
1. Red zinc-ore. 4. Sulphate. 
III. Sars. : 


GENUS I. SULPHURETS. 
Sp. 1. Blende*—Black Jack. 


This ore is common. It occurs both in amorphous masses 
and crystallized. The primitive form of its crystals is the 
thomboidal dodecahedron. ‘The figure of its mtegrant par- 
ticles is the tetrahedron.} 

The principal varieties of its crystals are the tetrahedron ; 
the octahedron; the octahedron with its edges wanting ; a 
24-sided crystal, 12 of whose faces are trapezoids, and 12 
elongated triangles; and, lastly, a 28-sided figure, which 
isthe last variety, aug mented by four equilateral triangles.{ 
It is divided into three subspecies, which characterize different 
formations. ‘The yellow is the oldest, the black newest, and 
the brown intermediate. 


Subsp.1. Yellow Blende. 


Colour dark wax-yellow and sulphur-yellow, passing into 
asparagus and olive-green, and into hyacinth, aurora, and 
brownish-red. All the colours incline somewhat to green. 


Massive and crystallized in four-sided prisms. Surface — 
smooth. Lustre shining, adamantine. Fracture straight — 
foliated, cleavage sixfold; cross fracture conchoidal. ¥rag-_ 


ments dodecahedral; but seldom perfect. In granular dis- 
tinct concretions. ‘Translucent. Refraction single. Streak 


yellowish grey. Semihard. Brittle. Very easily frangible. 


* Kirwan, ii. 238. Bergman, 11. 429. Brochant, ii. 350. Haitiy, iv. 167. 


+ Haiiy, Jour. de Min. No. xxxiil. 669. 
t See Haitiy, ibid. and Romé de Lisle, ili. 65. 
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Specific gravity 4°04 * to 4°059.+ Often phosphoresces chap. 11. 
5 ‘ 


when scraped or rubbed. ¢ 


Subsp. 2. Brown Blende. 


Of this there are two varieties; the foliated and the radiated, 

Folated. Colour reddish and yellowish-brown; Passes into 
hyacinth-red, and into blackish-brown. Massive ; and crystal- 
_ lized in tetrahedrons, octahedrons, rhomboidal dodecahedrons, 
and octahedrons with an intermediate four-sided prism. 
External lustre shining; internal from splendent to olimmer- 
ing, between resinous and adamantine. Fracture foliated ; 
cleavage sixfold. In granular distinct concretions. 'Trans- 
lucent. Streak yellowish-grey and yellowish-brown. Semi- 
hard. Brittle. Easily frangible. Specific gravity from 
3°870 § to 4°049.|| - 

Radiated. Witherto found only at Przibram in Bohemia, 
and Rapnick in Transylvania. Colour reddish-brown. Mas- 
sive and reniform. Lustre splendent, pearly. Fracture 
fibrous. In granular distinct concretions, intersected by 
curved lamellar distinct concretions. Opaque. . Specific 
gravity from 3°894 to 4°026.** 

This variety is remarkable, because it contains cadmium as 
a constituent. Dr. Clarke has remarked the great tendency 
which the salts of cadmium have to crystallize, and has been 
led to suspect that all the fibrous ores of zinc owe their 
fibrous structure to the presence of cadmium. This sagacious 
conjecture led him to examine various English ores of zinc, 
in all of which he found that metal.++ 


Subsp. 3. Black Blende. 

Colour between greyish and velvet-black, sometimes 
brownish-black; when held between the eye and the light, 
appears blood-red if transparent. Massive and crystallized. 
Internal lustre shining, adamantine. Fracture foliated; clea- 
vage sixfold, but very indistinct. Fragments indeterminate, 
pretty sharp-edged. In granular distinct concretions. Mostly 
Opaque. Streak between yellowish-grey and light yellowish- 
brown. Semihard. Brittle. Kasily frangible. Specific 
Bravity 3-967 tt to 4°108.§§ 


- 


 * Gellert. + Kirwan. { Bergman. § Gellert. 

{| The specimen with this last specific gravity was from Huel Anne, in 

Cornwall. It was it that I analyzed. 

_ ** Breithaupt. ++ Annals of Pinlosophy, xv. 272. 
tt Gellert. §§ Breithaupt 
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Blende is essentially a sulphuret of zinc. The yellow sub- 


—\— species I conceive to be pure; the brown and black subspecies 


contain more or less oxide of iron. I analyzed a specimen 
of brown blende, from Cornwall, with great care. The 
following table exhibits the result : 


FAUC co ick he Oe 
Sulphur ....... 28°86 
TON So poe eles ee 


100:00* 
GENUS II. OXIDES. 
Sp. 1. Red Zinc Ore. 


This mineral occurs in abundance in some of the iron mines 
in Sussex county, New Jersey. It was first discovered and 
described by Dr. Bruce. Colours blood-red, and aurora-red. 
Massive and disseminated. Fresh fracture shining; but be- 
comes dull by exposure to the air. Principal fracture foliated, 
cross fracture conchoidal. Translucent on the edges or 
opaque. Easily scratched by the knife. Brittle. Streak — 
brownish-yellow. Specific gravity 6°220. Soluble in mineral — 
acids. Does not fuse before the blow-pipe. Its constituents, — 
according to Dr. Bruce, are: 


Zinc ence vvueereenen7enevr eevee ee 8 # © & 76 
Oxygen: ne ita wee eheate tees MO 
Oxides of manganese and iron .. 8 


GENUS III. SALTS. 
Sp. 1... Silicate—Electric Calamine. 
This species, first properly distinguished by Mr. Smithson, 


occurs in different British mines along with ores of lead. — 
Colour bluish, greyish, and yellowish-white. Massive, and | 
crystallized. The primitive form of its crystals appears, from 
the mechanical division of one of them by Mr. Haiiy, to be 
an octahedron composed of two four-sided pyramids, whose 
sides are equilateral triangles.- But the crystals are minute, 
and their figure not very distinct. They are either four of 
six-sided tables with bevelled edges, six-sided prisms, or three- 


* Annals of Philosophy, iv. 94. 
+ Jour. de Min. No, xxxil. 596. 
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sided pyramids. Colour usually greyish-white. Fracture chp. ™ 


radiated or foliated. Lustre vitreous. Specific gravity 3'434. 
Before the blow-pipe decrepitates and shines with a green 
light. Gelatinizes in acids. Becomes electric when heated. 
A specimen of this mineral, from Regbania in Hungary, 


yielded Mr. Smithson 


Oxide of zinc .. 68°3 
RINCh. oR ce 25°0 
WV OLED “Chui. a, a ak 


Another specimen, analyzed by Klaproth, contained 


Oxide of zinc .... 66 
NOLES SOG Rene Lath 1 


99 


From Mr. Smithson’s analysis it appears to be a compound 
of | atom silica and 1 atom oxide of zinc. 

Dr. Clarke found about half per cent. of oxide of cadmium 
in the Derbyshire silicate of zinc. 


Sp. 2. Anhydrous Carbonate—Calamine. 


Bergman first announced that many calamines are car- 


bonates of zinc. The experiments of that chemist and of 
Dr. Watson * demonstrate, that most of the calamines of this 
country are in that state; and this has been confirmed by the 
late experiments of Mr. Smithson. 

The carbonate of zinc occurs both massive and in crystals ; 
but their form has not yet been ascertained with precision, 
though they seem to be rhomboids. Colour brownish or 
yellowish white. Internal lustre shining, pearly. Fracture 
foliated or radiated. Semitransparent and opaque. Lasily 
scratched by the knife. Specific gravity, as determined by 
Smithson, 4°334. Soluble in sulphuric acid with effervescence. 
Does not gelatinize with acids. Mr. Smithson found a speci- 
men from Somersetshire of a mamellated form, composed of 


Oxide of zinc .... 64°8 
Carbonic acid .... 35°2 


100°0 


* Chemical Essays, iv. 10. 


; 
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And a specimen in small crystals from Derbyshire contained 
Oxide of zinc .... 65°2 
Carbonic acid. .... 34°8 


LSS 


100°0 


I examined a specimen of this ore from Derbyshire, studded 
with red. spots, and obtained from it about half a per cent. of 
oxide of cadmium. 


Sp. 3. Hydrous Carbonate—Earthy Calamine. 


This species 1s distinguished from the last by its low speci- 
fic gravity, in which it nearly agrees with silicated oxide of 
zinc. Opaque. Yields to the nail. Adheres to the tongue. 
The specimen examined by Mr. Smithson was from Bleyberg 
in Saxony. Its colour was white, and its form stalactitical. 
Specific gravity 3-584, Before the blow-pipe it became yel- 
low ; and when exposed to the heat of the blue flame was 
gradually dissipated. Dissolved with effervescence in sulphuric 
acid ; and when heated lost about ith of its weight. It yielded 


Oxide of zinc.... 714 
Carbonic acid.... 13°5 
Water iis d.ase eb 


100°0 * 
Sp. 4. Sulphate of Zinc. | 


This salt is usually in a state of solution, and therefore be- | 
longs properly to mineral waters. Its properties have been 
described in the first part of this work. 


ORDER XX. ORES OF BISMUTH. 


Bismuth occurs usually in veins in primitive rocks, It is_ 


I. ALLoys. 
1. Native bismuth. 
Il. SULPHURETS. 
1. Common. 
* See Phil. Trans. 1803. 


t 
7 
€ 


said also to have been observed disseminated in wacka. It is 
usually accompanied by the ores of cobalt. Its ores are not : 
abundant. They exist in much greater quantity in Saxony i 
than in any other country; but they are found likewise in~ 
Sweden, France, and Cornwail. The following table will serve 
to show how little diversified are the ores of this metal. x 


ORES. 
2. Plumbo-cupriferous sulphuret. 
3. Cupriferous sulphuret. 
III. Oxres. 


1. Bismuth ochre. 


Bismuth, like gold, platinum, and silver, occurs most com- 
monly in the state of metal. 


GENUS I. ALLOYS. 


Sp. 1. Native Bismuth.* 


This mineral, which is found at Schneeberg, Johangeor- 
genstadt, &c. in Germany, has commonly the form of smali 
plates lying above one another. Sometimes it is crystallized 
in four-sided tables, indistinct cubes, and truncated tetrahe- 
drons. Its primitive form is the regular octahedron. 

Colour silver-white, inclining to red; surface often tarnished 
red, yellow, or purple. ‘ Internal lustre splendent. metallic. 
Fracture perfect foliated. Fragments indeterminate, blunt- 
edged. In granular distinct concretions. Soft.  Sectile. 
Opaque. Easily frangible. Specific gravity 9°022+ to 9°549.t 
Exceedingly fusible. Before the blow-pipe gives a silvery- 
white bead, and at last evaporates in a yellowish-white smoke, 
which is deposited on the charcoal. 


GENUS II. SULPHURETS. 


Sp. 1. Common Sulphuret§—Bismuth glance. 

This ore, which is found in Sweden, Saxony, and Bohe- 
mia, occurs sometimes in amorphous masses, and sometimes 
in needle-form crystals. 

Colour light lead-grey. Powder black and shining. In- 
ternal lustre of the foliated splendent; of the radiated shining, 
metallic. Streak obscurely metallic. Fracture foliated ; 
sometimes radiated. The foliated in granular distinct con- 
cretions. Soils. Soft. Brittle. Easily frangible. Specific 
gravity 6°131 || to 6-567.** When held to the flame of a 
candle, it melts with a blue fame and sulphureous smell. 
Before the blow-pipe emits a reddish-yellow smoke, which 


* Kirwan, ii. 264. Brochant, ii. 343. Haiiy, iv. 184. Hoffmann, iv. 
1. 65. : 

+ Brisson. { Kirwan. 

§ Kirwan, ii. 266. Sage, Mem. Par. 1782, p.307. ~Brochant, ii. 346, 
Hatiy, iv. 190. Hoffmann, iv. 1. 68. 

\) Kirwan, ** Brisson. 
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adheres to the charcoal. This powder becomes white when 
it cools, and resumes its former colour when the flame is 
directed upon it. * ; 

Its constituents, according to the analysis of Sage, are as 


follows: $ 
TRisnulD aoa bine ae OU 


Sulphur ......... 40 


100 
Sp. 2. Needle Ore.} 


This mineral occurs in the mines of Pyschminskoi. and 
Klintzefskoi, near Beresof, in the district of Catherinenburg 
in Siberia, and was first described and analyzed by Karsten 
and John. Colour steel-grey, with a pale copper-red tarnish. 
Massive and crystallized in oblique four or six-sided prisms, 
- which the lateral faces are deep longitudinally streaked. 
The crystals are long and frequently acicular. Principal 
fracture foliated; cross fracture small-grained uneven. Fo- 
liated fracture splendent; cross fracture shining. Metallic. 
Opaque. Easily scratched by the knife. Specific gravity 
6125. Its constituents, according to the analysis of John, 
are as follows: 


Bismuth ...6...e0> 43°20 
T@adh: visa encase sine pee 
Copper ..:+ +. ; 12°10 
Nickel’? 2072.8. primi’ tga) 3 
Meus (ccs sie atest oe 
Sulphur ..... eeu 


A eGice au. hae 


100°00 
Sp. 3. Cupreous Sulphuret. § 


This ore was discovered by Selb in a cobalt mine in Fur- 
stenberg, where it composes a vein about a yard wide. 

Colour lead-grey, but by exposure to the air it acquires a 
reddish or bluish tarnish. Massive. Lustre shining metallic. 


Fracture small-grained uneven. Gives a dull blackish streak. 


Soft. Sectile. Heavy. 


* Gillet, Laumont. Jour. de Min. No. xxxil. 585. 


+ Karsten and John, Gehlen’s Jour. Second Series, v. 227. Hoffmann, — 


iv. 1. 282. 
+ Karsten. Is not this too high? 


§ Klaproth, Gehlen’s Jour. 11, 187; and Beitrage, iv. 91. 


' 


ot 
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Its constituents are as follows: 

i MMBishyuath 1. hoe. abeog 
Sulphur ........., 12°58 
ie 8 eimai aie Mama he 
PIOEE dev ot Nee 


100-00 * 
ai GENUS III, OXIDES, 


Sp. 1. Bismuth Ochre.+ 


This ore js extremely rare. It has been observed at 
Schneeberg and in Bohemia. It is usually disseminated, or 
at the surface of other minerals, 

Colour straw-yellow; sometimes passing into light yel- 
lowish-grey and ash-orey. Fracture fine-grained uneven ; 
passing into foliated, and into earthy. Lustre of the fine- 
grained uneven, glimmering; of the foliated, shining ; of the 
earthy, dull; adamantine. Opaque. Soft; verging on friable. 
Not very brittle. Easily frangible. Specific gravity 4°36 11.f 
Fasily reduced and volatilized by the blow-pipe on charcoal. 
Dissolves in acids with effervescence. Its constituents, ac- 
cording to the analysis of Lampadius, are as follows: 


Oxide of bismuth siedyale 2 aren SONG 
Oxide of irom'..6.).5eak on 5? 
Rarvonie atid a Ary 
OO AA ok Lam Mae 3°4 


en 


99:0 § 
ORDER XXI. ORES OF LEAD. 


Ores of lead occur in great abundance in almost every part 
of the world. They are generally in veins, but sometimes in 
beds; and they occur both in the primitive, transition, and 
floetz formations. 

The following table exhibits a view of the different states in 
which this mineral has hitherto been observed : 


* Klaproth, Geblen’s Jourii. 191. | 
t Kirwan, ii. 265, Brochant, ii. 348. Hoffmann, iy. 1.71... 
_ ¥ Brisson. ; § Handbuch, p. 287.. Bi 
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I. SULPHURETS. ' b Earthy lead ore. 
1. Galena. c Black lead ore. 
9. Blue lead ore. 2, Muriocarbonate. 
3. Bournonite. . 3. Phosphate. 
4, Antimonial sulphuret. 4, Arsenio-phosphate. 
5. Arsenio-sulphuret. 5. Chromate. 

I]. Ox1pDEs. 6. Sulphate. 
1. Yellow oxide. 7. Molybdate. 
9, Native minium. g. Arseniate. 

III. Saxts. 9, Antimonial-arseniate. 
1. Carbonate. 10. Tungstate. 

a White lead ore. 11. Aluminate. 


Of these the first species is by far the most common. From 
it indeed almost the whole of the lead of commerce is extracted. 
More lead is smelted in Northumberland, Cumberland, Dur- 
ham, and Yorkshire, than in all the rest of Europe. 


GENUS I. SULPHURETS. 
Sp. 1. Galena.* 
This ore is divided into two subspecies. 
Subsp. 1. Common Galena. 


This ore, which is very common, is found both in masses 
and crystallized. ‘The primitive form of its crystals is a cube. 
The most common varieties are the cube, sometimes with its 
angles wanting, and the octahedron, composed of two four- 
sided pyramids applied base to base. The summits of these 
pyramids are sometimes cuneiform, and sometimes their solid 
angles are wanting. It occurs also in four and six-sided 
prisms terminated by four-sided pyramids, and in three-sided 
tables. | ; 

Colour lead-grey. Streak similar, but brighter. External 
lustre splendent ; internal splendent to glistening; metallic. 
Fracture foliated; cleavage threefold and rectangular. Frag- 
ments cubic. ‘The massive varieties are in granular distinct 
concretions. Soft. Sectile. Very easily frangible. Specific 
gravity 7'553 { to 7°786.S Before the blow-pipe decrepitates, 


» Kirwan, ii. 216. Brochant, ii, 299. Haiiy, i. 456. Hoffmann, 
iy. 1. 3. 

+ Romé de Lisle, iii. $64. Haiiy, i. 458. + Breithaupt. 

§ Watson. I found a specimen of the specific gravity 7°602 
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and melts with a sulphureous smell; part sinks into the charcoal, Chap. I. 


It generally contains some silver. 
Subsp. 2. Compact Galena. 


Found massive ; sometimes in specular plates. Colour lead- 
grey. Internal lustre glimmering, metallic. Fracture even, 
Never in distinct concretions. Softer than common galena. 
Streak brighter. Fragments indeterminate. In other respects 
agrees with the preceding. 

Pure galena is a sulphuret of lead quite free from every other 
substance. The easiest mode of analysis is to convert it into 


sulphate of lead by means of nitric acid. When the structure- 


is fibrous it always contains antimony. 


Sp. 2. Blue Lead Ore* 


This ore has hitherto been observed only at Zschoppau, in” 


Saxony, and Huelgéet, in France. Occurs massive, and crys- 
tallized in small six-sided prisms. Colour between indigo-blue 
and lead-grey. Internal lustre glimmering, metallic. Streak 


brighter. Fracture even. Fragments indeterminate. Soft.-- 


Sectile. Easily frangible. Specific gravity 5:461.+ Before 
the blow-pipe melts with a low blue flame and a sulphureous 


smell, and is easily reduced. It has not been analysed. Its” 


crystals resemble those of phosphate of lead ; but its component 
parts seem to be the same as those of galena. 


Sp. 3. Bournonite.t 


This rare ore was first obtained from Cornwall, and was neg- 
lected by mineralogists, till accurately described and analysed 
by Bournon and Hatchett, in 1804. Various specimens have 
been since analysed by Klaproth. 

Colour dark lead-grey, inclining to black. Massive and 
crystallized in four-sided rectangular prisms, variously trun- 
cated. All the varieties have been described and figured by 
Bournon with his usual precision. Crystals large; surface 
splendent. Internal lustre glistening, resinous. Fracture 
coarse grained uneven. Scratches calcareous spar, but not 


fluor spar. Sectile. Easily frangible. Leaves a black trace © 


* Kirwan, ii. 220. Brochant, ii. 303. Hoffmann, iv. 1. 11. 
+ Gellert. 
¢ Bournon and Hatchett, Phil. Trans, 1804. Klaproth, Gehlen’s 
Jour, v. 31, 
2M 2 
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Sp. 4. Antimonial Sulphuret.* 
Bleischimmer. 


This mineral has been detected at Nertschinsk in Siberia, and chap, 1. 
has been recently described and analysed by Professor Pfaff, “~~ 

Colour lead-grey. Massive.- External lustre from elim- 
mering to dull; internal glistening, metallic. Fracture fine 
granular. Composed of thin scaly distinct concretions, F rag- 
ments indeterminate, sharp-edged. Streak shining. Soft. 
Sectile. Easily frangible. Sp. gr. 5950. Its constituents, 
according to the analysis of Piaff, are as follows: 


MRA ae wei cs vey! 43°44: 
Antimony .... 42°26 
Stl pBytyvacesuneg 17:20 
AYSEWIC ..,.:0:0.0:5) | 3°56 
drone. dsicax vo ORG 
Copper. .2s.0) 0°18 


‘This ore is by no means uncommon in the lead mines sij- 
tuated in the north of England. 


Sp. 5. Arsenio-sulphuret.+ 


This mineral has been hitherto noticed only by Mr. Smith- 
son. It occurs in Upper Valais in Switzerland, and is lodged 
in a white granose compound carbonate of lime and magnesia. 
It is accompanied in this rock by regular crystals of iron py- 
rites, by red sulphuret of arsenic, and by some other substances. 

It has a metallic aspect and a grey colour. It is brittle and 
soft. Fracture in one direction tabular; in other directions 
vitreous. By trituration it affords a red powder. 

Before the blow-pipe it melts, smokes and burns with a 
small flame, leaving a button of metallic lead. Mr. Smithson 
ascertained by a set of minute but conclusive experiments, that 
it is a: compound of lead, arsenic, and sulphur. 


' GENUS II. OXIDES. 


Sp. 1. Yellow Oxide.t 
‘This very rare mineral was described and analyzed by Dr. — 
* Pfaff, Schweigger’s Jour. xxvii. 2. 


+ Smithson; Annals of Philosophy, xiv. 96, 
$ John, Schweigger’s Jour. iv. 222. 
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John, from a specimen with which he was presented, though 
he could not learn the place where it had been found. Colour 
intermediate between sulphur and lemon-yellow. Massive. 
Fracture in one direction earthy, in another foliated, with a 
three-fold cleavage. External lustre dull; internal semi- 
metallic. Opaque. Semihard. Brittle. Easily frangible. 
Does not soil. Streak lighter coloured. Specific gravity 
8:000. Melts easily before the blow-pipe. Its constituents, 
according to the analysis of John, are 


TCA 8 Rete cae cst ~. 82°6923 

Oxygen ...ceeeeeeeeeees 10°5768 

Carbomnicrdcrd iiss. eacata & 3°8462 

Oxide of iron and lime ... 0°4808 ' 

Copper *: (2.20 2 eke yee Trace 

Ferruginous silica.......- 2°4.039 
100°0000 


Sp. 2. Native Minium.” 


“This ore was discovered by Mr. Smithson in Germany, 


disseminated in small quantity in a compact carbonate of zinc. 


It has been observed also in England. In general it was in 
a pulverulent state, but in places showed toa lens a flaky and 
crystalline texture. Its colour is the same as that of factitious 


_minium, a vivid red mixed with yellow. It possesses the 


chemical characters of red oxide of lead, and must of course 


be considered as the same substance. 


According to Mr. Smithson, it is produced by the decay of 
a galena, which he suspects to be itself a secondary production, 
from the metallization of white carbonate of lead by sulphur- 
etted hydrogen gas. 


GENUS III. SALTS. 
Sp. 1. Carbonate of Lead+—W hite Lead Ore. 


This is the most generally diffused lead ore after galena,. 
though it seldom occurs in any considerable quantity together. 
Colour snow, greyish, and yellowish-white ; yellowish-grey ; 
cream-yellow ; clove-brown. Massive and disseminated, but 
most commonly crystallized. Primitive form the rectangular 


* Smithson, Phil. Trans. 1806. 
+ Kirwan, ii. 203. Klaproth, iii, 167. Haiiy, iii, 475. Brochant, ii. 
309. Hoffmann, iv. 1. 21. 
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octahedron: But it occurs most frequently crystallized in SiX- chap.1. 


sided prisms, terminated by six or four-sided summits ; in four- 
sided prisms; and four and six-sided tables, often variously 
bevelled. Crystals usually small. Lustre splendent to glis- 
tening, adamantine. Fracture commonly small conchoidal ; 
sometimes passes into fine-grained uneven. Fragments inde-~ 
terminate. Transparent and translucent. Refracts doubly 
very strongly. Soft. Brittle. Easily frangible. Specific 
gravity 6°480.* Before the blow-pipe decrepitates: becomes. 
‘red, then yellow, and at last is reduced to a globule of lead. 


Sp.2. Earthy Lead Ore.t 


Most frequent colour yellowish-grey; passes into straw- 
yellow, greenish-grey, siskin and apple green, and into yellow- 
ish-brown- Massive. Internal lustre glistening, resinous. 
Fracture fine-grained uneven; passing into splintery and 
- earthy. Opaque. Streak brown. Soft. Inclining to sectile. 
Fasily frangible. Specific gravity 5°461.f 


Sp. 3. Black Lead Ore.§ 


This ore often accompanies white lead ore and galena. Co- 
Jour greyish-black. Massive, and crystallized in six-sided 
prisms. External lustre shining; internal glistening, adaman- 
tine. Fracture small-er antes, uneven. ‘Translucent and 
opaque. Soft. Streak greyish-white. Rather brittle. Easily 
frangible. Sp. gr. 5°744.|| 

The constituents of these three species are as follows: 


* Klaproth. 

+ Kirwan, ii. 205. Brochant, ii. 327. Hoffmann, iv. 1. 44. 
t Gellert. 

§ Kirwan, ii, 221. Brochant, ii. 307.. Hoffmann, iv. 1, 18. 
|| Brisson. 
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| Gintion ze: sustd rea bia 
* laksa Mlle quer) aah 
Oxide of lead soe gin et eke 80°25 | 82 66°00 78°5 
Carbonic acid .......| 16 16 16 |. 12:00: {18 
Oxide of iron.......| 0°3 Ye i pene 2°25 — 
Siiewia< twee & tole. mas aah, 10°50 — 
Plauen. Wa huerviedl bias O75 4°75 — 
Lime a eves 88 e@ Bee ee as C9 0°5 —— ee Te 
Charcoal @Ceosaeeveeerseoe ener area aa — 1°5 
‘Water § 2350 Ba — — 2°95 2 
Loss omer eeesnesnces 1°6 pds 4 g RAS — 
100°00 |100°00 |100 100°00 100°00 


Sp. 4. Murio-carbonate of Lead. 


For the first description of this ore which has been observed 
in Derbyshire, in Germany, and in America, we are indebted 
to the Count de Bournon. The primitive form of its crystals 
is the cube, often lengthened, and the edges or the angles not 
unfrequently truncated, and replaced by small planes. Colour 
usually a light straw yellow; sometimes a clear transparent 
white, with a lustre far surpassing common carbonate of lead. 
Internal lustre splendent, adamantine. Principal fracture 
foliated ; cross fracture conchoidal. Semitransparent. Streak 
snow-white and dull. Sectile. Scratched by carbonate of 
lead. Specific gravity 6-0651.|| Its constituents are as follows : 


aut 
Oxide of lead’. ...0.. 85: 2... 88°5 
Carbonic acid...... ap SPI 


Muriatie'acidiy ai Rt a 
OSB eatiity ators ae 


ee 1 eevee be ara 


100 100°0 


* Westrumb. + Klaproth, Beitrage, iii. 167. 
t John, Chem. Unter. ii. 299. 

§ Lampadius, Handbuch, p. 275. 

|| Bournon, Nicholson’s Jour. iv. 220. 

** Chenevix, Nicholson’s Jour. iv. 220. 

Tt Klaproth, Beitrage, iii. 141. 
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Sp. 5. Phosphate of Lead.* 


There are two varieties of this ore, distinguished chiefly by 
their colour ; namely, the brown and green lead ore. We may 
consider them as subspecies. The primitive form of its crys- 
tals is a dodecahedron, consisting of two six-sided pyramids, 
the sides of which are isosceles triangles.} The crystals are 
usually six-sided prisms, sometimes terminated by six-sided 
summits. The summits are sometimes truncated, as are also 
the edges of the prism. ; 


Subsp. 1. Brown Phosphate—Brown Lead Ore. 


Colour clove-brown of different degrees of intensity. Mas- 
sive, and crystallized in six-sided prisms. Internal lustre glist- 
ening, resinous. Fracture small and fine grained uneven. 
‘Fragments indeterminate. Crystallized varieties show a ten- 


dency to thin columnar distinct concretions. T ranslucent.. 


Soft. Brittle. Kasily frangible. Specific gravity from 6-600 
to 6°909.+ 


Subsp. 2. Green Phosphate—Green Lead Ore. 


Colour grass-green, which passes to sulphur-yellow and to 
greenish-white. Seldom massive; usually crystallized in six- 
sided prisms, often variously truncated.. Crystals small. Ex- 
ternally smooth and shining. Internal lustre glistening, resi- 
nous. In other respects it agrees with the preceding. 

Before the blow-pipe this ore melts without being reduced, 
and on cooling assumes a polygonal form. The yellow vari- 
eties become green when heated. 

Its constituents are as follows: 


* Kirwan, ii. 207. Klaproth, iii. 146. Hatiy, ui. 490. Brochant, ii. 
314. Hoffinann, iv. 1. 15 and 97. 

t Romé de Lisle, iii. 391. See also Hauy’s remarks on the same subject, 
m Jour. de Min. No. xxxi. 506, and Min. iii. 491. 

 Klaproth, and Haiiy. 
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Phosphate. 
& * cS x 5 
Oxidesof lead )35 2.07 ET BR COPA Tris oe 79 
Muriatic acid .......... 1°65| 1°7 1°54; 162) — 
Bhospnoric... -ijein. ots aided Or 7B el B23 7419 18 18 
Girine Of, TON Gute sieves ° — O'l O:1 | Trace| 1 
IVV ALOT. sie 6 oe ree eee ee, acre! Songer -aae ae = g 


MOSS occ eee ce ieee kage Ser TAS 1) 22200 ices 


i | rr | TT 


100:00 10:00 1100-00 100:00 100 


Sp. 6. Arsenio-phosphate of Lead. 


This mineral has been found in Auvergne, Brittany, Ger- 
many, and Spain. Colour reddish-brown or pistachio-green, 
with a yellowish-grey crust. Occurs in botryoidal pieces. Ex- 
ternal lustre dull, internal from glimmering to shining, pearly 


or adamantine. Fracture passes from fibrous to radiated. In 


concentric lamellar distinct concretions. Opaque. Streak 
lighter. Soft. Rather sectile. Specific gravity 6°5. Its con- 
stituents are as follows: 


Phosphoric acid ..... errmtae b, 
ATSENIC ACIO et. ee eo ° ‘ 
Muriatic acid .......-- 3 ETS 
Oxide or lear ee es os 76°00 
Water tS SRP OMe cs TS 
Hioss cle aoe ‘ + abe SABO 
100°00 ¢ 


Ne) OP Chromate of Lead §—Red Lead Ore of Siberia. 


This mineral which has now become scarce, is found in the 
gold mines of Beresof near Ekaterinbourg in Siberia, crystal- 
lized in four-sided prisms, sometimes terminated by four-sided 
pyramids, sometimes not. 

Colour hyacinth-red. Streak and powder lemon-yellow. 
Lustre splendent, adamantine. Fracture foliated with two 
cleavages ; cross fracture small-grained, uneven. Fragments 


* Klaproth, Beitrage, ili. 146. + Fourcroy.° 

{ Klaproth, Beitrage, v. 204. 

§ Kirwan, ii. 214. Brochant, ii. 318. Hatiy, ii. 467. Hoffmann, iv. 
1, 33. 
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indeterminate, blunt-edged. Translucent. Soft. Specific chap. 1. 


gravity 6°056.* Does not effervesce with acids. Before 
the blow-pipe decrepitates ; some lead is reduced, and the mi- 
neral is converted to a black slag, which tinges borax green. 

A brown ore of lead from Zimapan in Mexico, brought to 
‘Europe by Humboldt, was found by Descotils to be a com- 
_ pound of chromic acid and oxide of lead; but the proportion 
of acid was considerably smaller than in the red lead ore. 
This ore seems to constitute a species apart, but no descrip- 
tion of it has been published.+ 

The constituents of these minerals are as follows: 


Brown 
Chromate. 


t S | 
Oxide of lead’.... 65°12 .... G4 .... 742 


Chromate. 


LIANG ACIS woscc seh ah oo nw cela e 
Chromic acid .... 34°88 ....36.... 16 

RIC OL IPOMs. 61, cr em eel « eases 
PRT. Lies ya's ioe ai emeR Rd he ae Ee 


100°00 100 100'0 


Sp. 8 Sulphate of Lead.** 
This ore, which i$ found in Anglesey, i in the Leadhills in 


Scotland, in Andalusia, and in Germany, is generally crystal- 
lized. The primitive form of its crystals is a rectangular oc- 
tahedron, with obtuse pyramids. ‘The pyramids are pitge va-~ 
riously truncated. Colour yellowish-grey and yellowish-white ; 
sometimes passes into smoke and ash-grey. External lustre 
shining; internal splendent, adamantine. Fracture flat con- 
choidal. ‘Translucent. Scratched by the nail. Brittle. Spe- 
cific gravity 6°3.¢¢ Immediately reduced before the blow-pipe. 
Its constituents are as follows: 


* Pseadn. + Ann. de Chim. lviii. 268. 
 Vauquelin, Jour. de Min. No. xxxiv. p. 760. 
§ Thenard. 


|| Collet Descotils, Ann. de Chim. hii. 271. 

** Kirwan, Min. ii.211. Klaproth, iii. 162. Haity, iii. 513. Brochant, 
ii, 325, Hoffmann, iv. 1.41. Schweigger’s Jour. viii. 49. 

‘++ Klaproth. 
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Sulphuric acid. ...... 248 ..25:75 .. 260191 .. 25 


Oxide of lead ........ 71°0 .. 70°50 .. 72°9146 ..69°5 
Gsddé Pinon), SoS Pee ont 16 
Oxide of manganese .. — .. —= .. 0°1654 5. —: 
Sikca'and alumina‘... °S2 2 Pate SERS 
aN fe, Ee TR eS te Bs OL ee 
BORGO AE Ie Sat» Re A SEBO AGC UG wae 


100°0* 100°00* 100:0000F 100°0t 

Two new species have been lately discovered at Leadhills in 
Scotland, viz. sulphato-carbonate and su!phato-tricarbonate 
of lead. 

Sp. 9. Molybdate of Lead.§ 

This ore, which is found in Carinthia, was first mentioned 
in 1781 by Mr. Jacquin.|| It occurs sometimes massive, but 
usually crystallized in cubic, or rhomboidal, or octahedral 
plates. The primitive form of its crystals is an octahedron’ 
with isosceles triangular faces; the incidence of a face of one 
pyramid on that of another 76° 40’.** 

Its colour is wax-yellow. External lustre shining ; internal 
glistening, resinous. Fracture small grained uneven, passes 
into imperfect small conchoidal, and even into foliated. Frag- 
ments rather sharp-edged. Translucent. Between brittle and 
sectile. Easily frangible. Soft. Specific gravity 5:486 5+ 
when purified from its gangue by nitric acid, 5706.¢¢ Soluble 
in fixed alkalies and in nitric acid. Communicates a blue co- 
lour to hot sulphuric acid. Soluble in muriatic acid, and de- 
composed by it. Before the blow-pipe decrepitates, melts . 
into a yellowish-grey mass, and globules of lead are reduced.§§ ~ 

Its constituents are as follows: 


II rae 
Oxide of lead..... 02 GW 4Qe eis to 58% 
Molybdic. acid | 5 3.4.. BACZ5 A ve GOT 
Oxidaof iron iiss isi 6 os.) 8:08 
BIRCA deine amet, Se ee eee tresses 
1 Bre NRE ad Hens ok USS oe tid “Bae 

100°00 100'00 : 
* Klaproth, Beitrage, iii. 162. + Stromeyer, Hoffmann, iv. 1.438. 


¢ Jordan, Schweigger’s Jour. viii. 52. 

§ Kirwan, 11. 212. Klaproth, Ann. de Chim. viii. 103. Hatchett, Phil. 
Trans. 1796, p. 285. Haity, iii. 498. Brochant, ii. 322. Hoffmann, iv. 1. 36. 

jj In his Miscellanea Austriaca, ii. 139. 

** Hail. +t Macquart. tt Hatchett. §§ Macquart. 

|||] Klaproth, Beitrage, ii, 275. ** Hatchett, Phil. Trans. Ixxxvi. 393. 
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Sp. 10. _Arseniate of Lead.* 
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| 
This ore, which was first found at J ohann-Georgenstadt, was chap. In 
at first confounded with the preceding, till the analysis of Rose “~~~ 


showed that it contained no molybdic acid. 

Beautiful specimens of it have been found in Huel Unity 
Mine, about two miles east of Redruth in Cornwall, where it 
occurs in large six-sided prisms and in capillary crystals. It 
is said to occur sometimes in double six-sided pyramids applied 
base to base. Colour wax-yellow. External lustre splendent, 


adamantine ; internal shining, resinous. Principal fracture of | 


the crystals foliated, cross fracture fibrous. Translucent. Soft. 
Sectile. Specific gravity 7-2612. Its constituents are as follows: 


Oxide of lead’....... iuibOFG 
Mesenicmeid. oa dileloie: 26°40 
Muriatic acid ..... is pfabivs, wd ES 
UP oxy a og aR Ie Bs Wh ET 2°26 
100:00+ 


Sp. 11. Antimonial Arseniatet—Bleiniere. 


This rare mineral has been found at Nertschinsk, in Siberia. 
It was called Bleiniere, by Karsten, and considered by him as 
a distinct species, while Werner made it merely a variety of 
his Bleierde or earthy lead ore. Pfaff has lately analyzed it, 
and shown that it possesses peculiar characters. In_ his opi- 
nion, it is merely the antimonial sulphuret, or bleischimmer 
altered by exposure to the air. But his own analysis of the 
two species will not allow us to draw such a conclusion, 
Its principal colour is straw yellow ; but it sometimes appears 
brown or orange red, sometimes yellowish grey, sometimes 
-verdigris green. Massive, and composed. of flat spheroidal 
distinct concretions. Dull. Streak shining. Fracture earthy. 
Opaque. Soft.  Sectile. Easily frangible. Specific gravity 
5'227. Its constituents, according to Pfaff, are 


* Karsten, Geblen’s Jour. iii. 60. 
+ Gregor, Phil. Trans. 1809, p- 205. 
{ Plaff; Schweigger’s Jour. xxvii. 9. Hoffmann, iv. 1. 48. 
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Arsenic acid ......- wee 1642 
Oxide of copper........ 3°24 
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Manganese, iron, &c..... 3°32 
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Sp. 12. Tungstate of Lead.* 


This mineral has been lately found at Zinnwalde, in Bohe- 
mia. It greatly resembles the brown acicular phosphate of 
lead from Pullowen in Brittany, and from Rheinbreitbach on 
the Rhine; but the crystalline form is different, representing 
very acute four-sided pyramids. 


Sp. 13. Aluminate of Lead+—Plombgumme. 


his mineral occurs at Huelgoat near Pullaouen in Brit- 
tany. It was noticed by M. Gillet de Laumond, in the year 
1786.t It has a yellow colour, but in other respects has so 
strong a resemblance to the Millen glass, found near Frank- 
fort, on the Mein, that it might be mistaken for it. When 
suddenly heated, it decrepitates violently; but when heated 
slowly, it becomes white and opaque. It dissolves readily in 
borax into a colourless transparent glass ; but no reduction of 
lead takes place. If a little nitre or carbonate of soda be 
added, the lead is reduced. The composition of this mineral was 
first ascertained by Mr. Smithson Tennant. It was afterwards 
analysed by Berzelius, who found its composition as follows: 


Oxide of lead «2... 02s e0- sie SOU 
Alumina: icdiccwalt siplimies + Cote wen < anaes 
Water. abietele nis exe Nt nce iat ar Leann 
Sulphurous Ey css Betta repeat oh Pim is fA 0°20 
Lime, oxides of iron and manganese 1°80 
est (oc em RANE i nec i ee Loe Oe 

98°54 


* Heuland; Annals of Philosophy, xii. 454. 

+ Smithson ; Annals of Philosophy, xiv. 31. Berzelius, Ann. de Chim. 
et de Phys. xii, 21. 

+ Jour. de Phys. 1786, p. 385. 
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It is obviously a hydrous hexaluminate of lead or a com- Chap. 1. 
pound of six atoms of alumina, one atum of oxide of lead, and “~V~ 
6 atoms water. 


ORDER XXII. ORES OF ANTIMONY. 


The ores of antimony occur almost always in veins, and af- 
fect the primitive and transition mountains. By far the most 
abundant, and the only ore wrought for metallurgic purposes, 
is the sulphuret. Antimony ores occur in considerable quan- 
tities in different parts of Sweden, Norway, Germany, France, 
Britain, &c. The following table exhibits the different states 
in which this metal has hitherto been found in nature: 


I. Arroys. 3. Black ore of antim. table of 
Native. III. Oxrpes. aa a: 
II. Sutpuurers. 1. White oxide. 
1. Grey ore of antimony. 2. Red ore of antimony. 
2. Nickeliferous sulphuret. 3. Antimony ochre 


GENUS I. ALLOYS. 
Sp. 1. Native Antimony.* 


This mineral was first discovered by Swab at Sala, in Sweden, 
in 1748. It has been since observed in two other places, at 
Allemont in France, and at Andreasberg in the Hartz. It 
occurs massive and in kidney-form lumps. Colour tin-white. 
Lustre splendent, metallic. Fracture perfect foliated with a 
fourfold cleavage. Fragments sometimes rhomboidal, usually 
indeterminate, blunt-edged. In granular, and sometimes in 
lamellar distinct concretions. Rather sectile. Very easily fran- 
gible. Soft. Specific gravity 6°720.+ Before the blow-pipe 
melts and evaporates, depositing a white oxide of antimony. 
A specimen from Andreasberg, analysed by Klaproth, con- 
sisted of 


Antimony... '.0. 600054 6.9800 
ULV ET oF aici diet aeotk alates ESOC 
LOM ho Si Eee cea ame ar ene 0°25 


99°25 + 


* Kirwan, ii. 245. Brochant, ii. 367. Haiiy,iv. 252. Hoffmann, iv. 1. 
99. 
+ Klaproth, iii, 170. } Beitrage, iii, 172. 
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GENUS IJ. SULPHURETS. 
Sp. 1. Grey Ore of Antimony.* 


This ore, which is the most common, and indeed almost the 
only ore of antimony, occurs both massive, disseminated, and 
crystallized. Its crystals are four-sided prisms, somewhat flat- 
tened, whose sides are nearly rectangles, terminated by short 
four-sided pyramids whose sides are trapeziums.t Sometimes 
two of the edges are wanting, which renders the prism six- 


‘sided.t The primitive form of its crystals is an octahedron 


slightly rhomboidal with scalene triangular faces, in which the 
angle formed by two of the faces meeting at the base is 87° 
52’, and the incidences of the adjacent faces on one another 


‘are 109° 24’, 107° 27’, and 110° 58’.§ 


It is divided into four subspecies. 


Subsp. 1. Compact. 


Colour light lead grey, surface often tarnished, and then it 
is blue or purplish. Massive and disseminated. Internal lus- 
tre shining metallic. fracture fine-grained uneven. Frag- 
ments indeterminate, blunt-edged. Seldom in small granular 
distinct concretions. Soft. Easily frangible. Soils. Streak 
more shining. Specific gravity 4°368. The most uncommon 
of the subspecies. mais | a 
: Subsp. 2. Foliated. 


Colour as the preceding. Massive and disseminated. In- 
ternal lustre shining metallic. Fracture foliated; sometimes 
passing into broad radiated. Cleavage single. Fragments in-. 


“determinate. In granular distinct concretions; coarse and 


fine, and usually longish. Soft. Not particularly brittle. Easily 
frangible. Specific gravity 4°300 to 4°382. || 7 


Subsp. 3. Radiated. 


Colour light lead-grey, often tarnished. Massive, dissemi- — 
nated, and crystallized in’six and four-sided prisms. Surface 
of crystals streaked longitudinally, and usually shining. In- 
ternal lustre splendent to’ glistening, metallic. Fracture ra- 


* Kirwan, ii. 247. Brochant, ii. 371. Haiiy, iv. 264. Hoffmann, iv. 1. 
102. 
+ Romé de Lisle, 111. 49. 
t Ibid. See also Haity, Jour. de Min. No. xxxii. 606. 
§ Haiiy, Lucas Tableau, 11.465. || Breithaupt. 
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diated. Fragments indeterminate ; sometimes splintery. In Chap. m. 


thin imperfect columnar, and longish granular distinct concre- 
tions. Soft. Not particularly brittle. Kasily frangible. Spe- 
cific gravity 4°431* to 4-458. 


Subsp. 4. Plumose. 


Colour between blackish lead-grey and steel-orey. Mas. 
sive, but usually in thin capillary crystals. External lustre 
shining; internal glimmering, metallic. Fracture delicate pro- 
miscuous fibrous. Fragments indeterminate, blunt-edged. 
Opaque. Very soft. Not particularly brittle. Easily fran- 
gible. Heavy. 

A specimen of the radiated variety of this species analysed 
by me was composed of 


Antimony sn.00 geese Oe 73°77 
Sulphur ...... POG a 6223 


100-00 
Sp. 2. Nickeliferous Sulphuret of Antimony. § 


This mineral occurs in veins near F reussberg, in the county 
of Sayn-Altenkirchen, in the principality of Nassau. It was 
described and analysed by Klaproth in 1812, and in 1814 by 
Dr. John. Colour steel-grey, passing into lead-grey and vio- 
let. Massive. Principal fracture foliated with « two-fold 
cleavage, cross fracture granular uneven. Lustre shining ; 
cross fracture glistening. Fragments usually indeterminate, 
sometimes inclining to cubic. Streak dark grey. Brittle. 
Easily frangible. Specific gravity 5°65. Before the blow- 
pipe melts, emitting a white vapour having the smell of arsenic, 
part of which remains attached to the charcoal giving it a yel- 
low colour, Its constituents are as follows: | 


Antimony .......6.. 47°75 .... 61°68 
Nickel...... eri a eles NESQS Ty .y B98 
PATHONIC) antl So .dN4 ie LG — 

Sulubur wt cauasbs 15°25 .... 1416 
Waknown bodyuwisiidas assailed, jy ohrogs 


es eee EES 


100:00]| ~— 100°00** 


* Kirwan. t Breithaupt. ¢ Annals of Philosophy, iv. 97, 

§ Ann. de Chim. Ixxxiii. 229 ; Ixxxv. 65. Schweigger’s Jour. xii. 238. 

H Klaproth, Ann. de Chim. Ixxxv. 71. 

** John, Schweigger’s Jour. xii. 242. He includes the arsenic under the 
antimony, not having been_able to separate them. 
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GENUS III. OXIDES. 
Sp. 1. White Ore of Antimony.* 


This ore, which has been found in Bohemia and Dauphiny, 
is sometimes in quadrangular tables and cubes; sometimes in 
acicular crystals grouped like zeolites, and sometimes in 
prisms. Colour passes from snow-white to yellowish-white. 
Internal lustre shining, between pearly and adamantine. 


Fracture foliated. Single cleavage; sometimes. radiated. 


‘Fragments indeterminate. In granular and columnar distinct 


concretions. Translucent. Soft. Rather sectile. Heavy. 
Melts easily by the flame of a candle, and emits a white va- 
pour. Before the blow-pipe decrepitates ; when powdered 
and just ready to melt, it evaporates and leaves a white pow- 
der around. Between two pieces of coal it is reducible to a . 
metallic state. This ore had been taken for a muriate of an- 
timony; but Klaproth has lately ascertained it to be pure 
white oxide of that metal. 


Sp. 2. Ochre of Antimony.§ 


This mineral is uncommon. It has been found at Brauns- 
dorf near Freyberg, in Hungary, France, and Spain. Some- 
times massive, sometimes covering grey ore of antimony. 


’ Colour straw-yellow. Lustre dull. Fracture earthy. Soft. 


¢ 


Opaque. Brittle. Not particularly heavy. Infusible before 
the blow-pipe; but emits a white smoke, and is volatilized. 
With borax it froths, and is partly reduced to the metallic 
state. It has a bitterish taste, which it loses by long exposure 
to the air. 


Sp. 3. Red Ore of Antimony.| 


This ore occurs at Braunsdorf in Saxony, and Kremnitz in 
Hungary, and at Allemont.in France. It is usually in the 
state of capillary crystals grouped together. Colour cherry- 
red. Lustre glistening, adamantine. Fracture fibrous. Frag- 
ments wedge-shaped and splintery. In coarse and small 
longish granular distinct concretions. Opaque. Streak 


* Kirwan, ii. 251. Brochant, 11.381. Hauy, iv. 373. Hoffmann, iv. — 
1.449. . , 
' + Haiiy, Jour. de Min. No. Xxx. 609. + Klaproth, ii, 183. 

§ Kirwan, ii. 252. Brochant, ii. 383. Hoffmann, iv. 1. 124. 

| Kirwan, ii, 250. Brochant, ii. 379. Haily, iv. 276. Hoffmann, iv. 
1. 115. 
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similar. Very soft., Not very brittle. Easily frangile. Spe- chap. IT. 


cific gravity 3°75* to 4:09.4+ Before the blow-pipe melts, emits 
a slight smell of sulphur, and is volatilized. When heated in 
muriatic acid it emits sulphuretted hydrogen gas, holding hy- 
drosulphuret of antimony in solution. When heated to red- 
ness a little carbonic acid is emitted, some glass of antimony 
is formed, and the greatest part assumes the form of oxide of 
antimony. It yields 671 per cent. of antimony. 

The following table exhibits a view of the constituents of 
such of the preceding species as have been analysed : 


White Ore, Red Ore, 

" S | 

Oxide of antimony ...... 100 .... 89 .... 783 
Sulphur ef alets Siete tel a sit Setehs ITM cele eke. SET (ie 19°7 
Silica eee ee es eee ee ° rT ateaere 8 e@oee iy 
ta CARE Ee Se ee 71. eeee 3 eee Z°0 
100°0 100 100°0 


ORDER XXIII. ORES OF ARSENIC. 


Arsenic is scattered in great abundance over the mineral 
kingdom, accompanying almost every other metal, and form- 
ing also sometimes peculiar veins of its own. These veins 
occur most commonly in primitive mountains, though they 
are found also, at least some of the species, in floetz rocks. 

The following table exhibits a view of the different ores in 
which this metal occurs. 


I. Auwoys. 
Native arsenic. 
I. Sureuvrers. 
1. Arsenical pyrites. 
2. Orpiment. 
III. Oxipks. 


Native oxide. 


* Lametherie. + Klaproth, iii. 179. 
¢ Klaproth, Beitrage, iii. 183. 
§ Vauquelin, Haiiy, iv. 274. Under the oxide of antimony a little iron 
is included. 
| Klaproth, Beitrage, iii. 132. 
ZN 2 
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GENUS I. ALLOYS. 
Sp. 1. Native Arsenic.* 


‘his mineral is found in different parts of Germany, &c. 
It occurs generally in masses of various shapes, kidney-form, 
botryoidal, &c. Colour light lead-grey. Its surface quickly 
becomes tarnished by exposure to the air, and becomes grey- 
ish-black. Lustre metallic (when fresh) shining. Streak 
bluish-grey, metallic and bright. Powder dull and black. 
Fracture small-grained uneven; sometimes imperfect foliated . 
In thin curved lamellar distinct concretions. Semi-hard. 
Very easily frangible. Sectile. Specific gravity 5°67+ to 
5°7249.¢ Gives an arsenical smell when struck. Before the 
plow-pipe emits a white smoke, diffuses a garlic smell, burns 
with a blue flame, gradually evaporates, depositing a white 
powder. It is always alloyed with some iron,§ and often 
contains silver, and sometimes gold. 


GENUS II. SULPHURETS. 
Sp. 1. Arsenical Pyrites.| 


This mineral is common in different parts of Germany, &c. 
It occurs massive and disseminated, and very often crystal- 
lized. The primitive form of its crystals is a rhomboidal prism, 
the angles of whose base are 103° 20° and 76° 40’. It occurs 
in this form. Sometimes the prism is terminated by four- 
sided summits; sometimes its lateral faces are cylindrical. It 
occurs also in lenticular crystals.** This species is divided into 
two. subspecies. 


Subsp. 1. Common. 


Colour of the fresh fracture silver white; by exposure it 
acquires a yellowish tarnish. Massive; disseminated; and 
crystallized in oblique four-sided prisms, very acute double 


* Kirwan, ii. 255. Brochant, ii, 435. Hauy, iv. 220. Hoffmann, iv. 
1. 207. 

+ Kirwan. { Brisson. 

§ De Born, Catal. of Raab, ii, 194. | 

y Kirwan, ii. 256. Brochant, ii. 438. Haiiy, iv. 57. Hoffmann, iv. 
42131. 

+» A description of the different forms in which arsenical pyrites occurs, 


with figures of each, is given by Bernhardi in Gehlen’s Journal. Second. 
Series, ii. 80. 
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four-sided pyramids, irregular cubes, and needles. Lateral chap. 1. 


faces smooth; those formed by truncation usually streaked. 
Their lustre is splendent. Internal lustre shining, metallic. 
Fracture coarse and small grained uneven, Fragments inde- 
terminate, blunt-edged. Usually unseparated; sometimes in 
columnar distinct concretions. Hard. Brittle. Rather 
tough. Specific gravity 6:020 to 6155.* When rubbed 
emits an arsenical smell. 


Subsp. 2. Argentiferous. Weiserz. 


Colour silver-white, surface tarnished yellowish. Massive, 
disseminated, and in small acicular four-sided prisms. Ex- 
ternal lustre shining ; internal glistening, metallic. Fracture 
fine-grained uneven. Fragments indeterminate. Has some- 
times a tendency to fine granular distinct concretions. In 
other respects agrees with the preceding. The constituents of 
arsenical pyrites are as follows: 


PAT SCUIG jo ciersuera'nigh 9 lin .sds ote OtAvs «'s 6.6 (4288 
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1000  100:0¢ 200:00§ 
Sp. 2. Orpiment. 


This species is divided into two subspecies; namely, red 
orpiment and yellow orpiment. 


Subsp. 1. Red Orpimeni— Realgar.| 


This mineral is found in Sicily, about Mount Vesuvius, in 
‘Hungary, ‘Transylvania, and various parts of Germany, &c. 
It is either massive or crystailized. ‘The primitive form of the 
crystals is an octahedron with scalene triangles, which seem 
to be the same with the primitive form of sulphur; and it 
commonly appears in 4, 6, 8, 10, or 12 sided prisms, termi- 
nated by four-sided summits.** 

Colour aurora-red. Streak lemon or orange-yellow. Lus- 


* Breithaupt. t By my analysis. 

¢ Chevreul. § Stromeyer, Schweigger’s Journ. x. 404. 

| Kirwan, ii. 261. Bergman, ii. 297. Brochant, ii. 447. Haiiy, iv, 
228. Hoffmann, iv. 1. 224. 

** Romé de Lisle, 11, 34. Haiuly, iv. 229, 
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ook UL tre shining, between. pearly and adamantine. Translucent. 


Very soft. Brittle. _ Easily frangible. Specific gravity 
3:3384.* It is an electric per se, and becomes negatively 


electric by friction. Nitric acid deprives it of its colour. 


Before the blow-pipe it melts easily, burns with a blue flame 
and garlic smell, and soon evaporates. 


Subsp. 2. Yellow Orpument.t 


This ore, which is found in Hungary, Wallachia, Georgia, 
and Turkey in Asia, is cither massive or crystallized. The 
crystals are confused, and their figure cannot be easily deter- 
mined; some of them appear octahedrons, and others minute 
four-sided prisms. Colour lemon-yellow. Streak similar, 
Internal lustre splendent, between adamantine and semi-me- 
tallic. Fracture curve-foliated. Plates flexible, but not elas- 
tic. Occurs in large and small granular distinct concretions. 
Translucent to transparent. Soft. Sectile. Specific gravity 
from 3°400§ to 3°415.|| Effervesces with hot nitric acid. 
Burns with a bluish-white flame. Before the blow-pipe melts, 
smokes, and evaporates, leaving only a little earth and some 
traces of iron. Becomes electrified minus when rubbed. | 

These two subspecies owe their diversity to the variation in 
the proportion of their constituents. ‘The following is their 
composition, according to the analysis of Klaproth : 


Realgar. .  Orpiment. 
Arsenite... OPT OLE S RT, aS Soe 
Sulphur .....+ fe olin Ba ee 


GENUS III. OXIDES. 
Sp. 1. Natiwe Oxide. 


This ore is found in various parts of Germany, Hungary, 


&e. either in powder, or massive, or crystallized in prismatic | 


* Brisson. + Haiiy, Jour. de Min. No. xxxii. 612. 

+ Kirwan, ii. 260. Alberti de Auripigmento. Scopoli in anno 5to 
Hist. Nat. p. 59. Bergman, ii. 297. Brochant, 11.444. Haiiy, iv. 234. 
Hoffmann, iv. 1. 220. | 

§ Breithaupt. || Brisson. ** Beitrage, v. 238. 


++ Kirwan, ii, 258. Bergman, ii. 285. Brochant, 11.450. Haiiy, iv. 
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needles. It is very uncommon. Colour white or grey, often’ ciap.tm! 
with a tint of red, yellow, green, or black. Lustre common, eet 
glimmering. Opaque or translucent on the edges; when 
crystallized, ‘translucent. Texture earthy. Soft. Brittle. 
Specific gravity 3°7.* Soluble in hot diluted nitric acid 
without effervescence. Soluble at 60° Fahrenheit in 80 times 
its weight of water. Before the blow-pipe sublimes, but does 
not inflame. Tinges borax yellow. ) 


CHAP. II. 


OF COMPOUND ROCKS. 


Tue minerals described in the last chapter hardly ever oc- 
cur insulated. ‘They are usually united together in various 
groups, constituting the rocks and ‘the soil of which the globe | 
of the earth is ircapactll These groups are termed com- 
POUND mineRALS. ‘The study of them constitutes geology 
or geognosy; one of the most important branches of philo- ceognosy, 
sophy. It teaches us'the structure cf the globe, the relative 
situation of the different minerals, their connexion with each 
other, and the changes which they are undergoing, or have 
undergone. It is by numerous and skilful observations alone 
that any progress can be made in this difficult investigation. 
In Germany, mining has been long an object of greater at- 
tention than in any other country; men of science have been 
long employed to superintend the mines, and exact records 
have been kept of every thing that occurred. It is in that 
country, accordingly, that the greatest number of observations | 
have been made, and the materials collected, for raising geo- 
logy to the rank of a science. The difficult task was under- generatizea 
taken by Werner, the celebrated Professor of Mineralogy in >” Wee 
Freyberg, who generalized his own observations, and those of 
his predecessors, and constructed a theory which has excited 
general attention. ‘To the branch of science which he has 
oe created he has given the name of geognosy. 

Respecting the structure of the internal parts of the earth, 
we have no direct means of information; but towards the 
_superficies, this structure is laid open to our view by ravines, 


* Kirwan. 
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rivers, mines, &c. Observations on these afford the. only 


“~~~ means of learning the structure of the earth. They consti- 


Mocks. 


Wollow a 
particular 
order. 


Arranges 
ment, 


tute the foundations of geognosy, the ground work from 
which all the conclusions of that science are deduced.. The 
stony masses of which the earth, as far as we know it, 1s com- 
posed, are sometimes stmple, or composed of some one of the - 
minerals described in the preceding chapter; as, for example, 
lime-stone, serpentine, quartz: But more frequently they are 
compound, or composed of two or more simple minerals va- 
riously mixed and united together; as granite, which is com- 
posed of quartz, felspar, and mica. 

These stony masses, or rocks, are numerous, and they are 
found in the earth laid one above another; so that a rock of 
one kind of stone is covered by another species of rock, and 
this by a third, and. soon. Now in this superposition of rocks 
it has been observed, that their situation is not arbitrary; 
every one occupies a determinate place, so that they follow 
each other in regular order from the deepest part of the 
earth’s crust, which has been examined, to the very surface. 
Thus there are two things respecting rocks which claim our 
attention; namely, their composition, and their relative situa- 
tion. But besides the rocks which constitute almost the whole 
of the earth’s crust, there are masses which must also be con- 
sidered. ‘These traverse the rocks in a different direction, 
and are known by the name of veins, as if the rocks had split 
asunder in different places from top to bottom, and the chasm 
had been afterwards filled up with the matter which constitutes 
the vein. 

Thus it appears, that when we consider compound minerals, 
or rocks, the subject naturally divides itself into three parts; 
namely, 1. The structure of rocks; 2. The situation of rocks; 
3. Veins. ‘These shall form the subject of the three following 
sections. | 


SECT. I. 
OF THE STRUCTURE OF ROCKS. 


Rocks may be divided into two classes; viz. 
I. Simple, or composed of one mineral substance. 
II. Compound, or composed of more than one mineral 
substance. 
Compound rocks are of two kinds; namely, 
I. Cemented ; composed of grains agglutinated by a ce- 
ment, as sand-stone. 
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II. Ageregated ; composed of parts connected together chap. 1. 
without a cement, as granite. : vi 
The aggregated rocks are likewise of two kinds ; namely, 

I. Indeterminate. 

Only one instance of this kind of aggregation has hitherto 
occurred; namely, in the older serpentine, where lime-stone 
and serpentine are so conjoined, that it is difficult to say which 
predominates. : 

II. Determinate. | 

The determinate are either, I. Single aggregated; or, II. 
Double aggregated. 

There are four kinds of single ageregated rocks; namely, 

1. Granular; composed of grains whose length, breadth, 
and thickness are nearly alike, and which are of con- 
temporaneous formation. As granite, sienite. 

2. Slaty; composed of plates laid above each other; as 
mica slate. 

3. Porphyritic; composed of a compact ground, contain- 
ing in it crystals which appear to have been deposited 
at the time the rock was formed; as common porphyry. 

4. Amygdaloidal; composed of a compact ground, contain- 
ing in it vesicles which appear to have been afterwards 
filled up; as amygdaloid. 

There are five kinds of double aggregated rocks; namely, 

1. Granular slaty; composed of slaty masses laid on each 
other. Every individual slate is composed of grains 
cohering together; or it is slaty in the great, and era- 
nular in the small: as. gneiss. 

2. Slaty granular ; composed of large granular masses co- 
hering together; each grain is composed of plates; or 
the rock is granular in the great, and slaty in the small; 
as topaz rock. 

3. Granular porphyritic; granular in the small, and por- 
phyritic in the great; as granite, green-stone frequently. 

4. Slaty porphyritic: slaty in the small, porphyritic in the 
great; as mica slate frequently. 

5. Porphyritic and amygdaloidal; a mass porphyritic and 
amygdaloidal at the same time; as amygdaloid and 
basalt frequently. | 

_ Such are the different kinds of structures of rocks hitherto 
ebserved and described. The following table will give the 
reader a synoptical view of these different kinds of structure : 
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J. Simple rocks. 
II. Compound rocks. 
A. Cemented. 
B. Aggregated. - 
a. Indeterminate. 
b. Determinate. 
I. Single. 
1. Granular. 
2. Slaty. 
3. Porphyritic. 
4. Amyedaloidal. 
If. Double. 
1. ‘Granular slaty. 
2. Slaty granular. 
3. Granular porphyritic. 
4, Slaty porphyritic. 
5. Porphyritic and amygdaloidal. 


SECT. II. 
OF THE RELATIVE SITUATION OF ROCKS. 


Tuer rocky masses, or rocks, hitherto observed, amount to 
about sixty. Of these rocks, variously placed over each other, 
the whole crust of the earth is composed, to the greatest 
depth that the industry of man has been able to penetrate. 
Now these rocks, with respect to each other, occupy a deter- 
minate situation, which holds most commonly in every part 
of the earth. "Thus lime-stone is seldom found under granite, 
but very often above it. Were we to suppose every particular 
rock, or layer, which constitutes a part of the earth’s surface 
to be extended round the whole earth, and to be wrapped 
round the central nucleus, like the coat of an onion, in that 
case every rock would occupy a determinate place; one 
species would be always lowest or nearest the centre ; another 
species would uniformly rest upon this first; a third upon the 
second, and soon. Now though the rocks do not in reality extend 
round the earth in this uninterrupted manner; though partly 
from the inequality of the nucleus on which they rest, partly 
from their own inequality of thickness in different places, and. 
partly from other causes, the continuity is often interrupted 3 
yet still we can trace enough of it to convince us that the 
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rocks which constitute the earth’s crust, considered in a great chap, 1. 
scale, are every where the same, and that they invariably oc- ~~~ 
cupy the same situation with respect to each other. Werner 

has therefore chosen this relative situation as the basis of his 
classification of rocks. He divides them into five classes. 

The first class consists of those rocks which, if we were to 
suppose each layer to be extended over the whole earth, would 

in that case lie lowest, or nearest the centre of all the rocks 

which we know, and be covered by all the other rocks. The 

second class consists of those rocks which in that case would 

be immediately above the first class, and cover them. The 

third class would cover the second in the same manner; the 
fourth the third; and the fifth would be uppermost of all, 

and constitute the immediate surface of the earth. The first 

class of rocks are covered by all the rest, but never themselves 

lie over any other. The others lie in order over each other. 

These grand classes of rocks he has denominated formations, 

and distinguished them by the following specific names : 


I. Primitive formations. Classes of 
II. Transition formations. reese 
III. Floétz formations. 
IV. Alluvial formations. 
V. Volcanic. 


The primitive formations are of course the lowest of all, 
and the alluvial constitute the very surface of the earth; for 
the volcanic, as is obvious, are confined to particular points. 
Not that the primitive are always at a great depth under the 
surface, very often they are at the surface, or even constitute 
mountains. In such cases the other classes of formations are 
wanting altogether.. In like manner the transition, and other 
formations, may each in its turn occupy the surface, or con- 
stitute the mass of a mountain. In such cases, all the subse- 
quent formations which ought to cover them are wanting in 

that particular spot. 

Each of these grand classes of formations consists of a 
greater or smaller number of rocks, which occupy a determi- 
nate position with respect to eachother, and which, like the 
great formations themselves, may often be wanting in parti- 
cular places. Let us take a view of the rocks which compose 
all these different formations. 
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CLASS I. PRIMITIVE FORMATIONS. 


The rocks which constitute the primitive formations are 
very numerous. They have been divided therefore into seven 
sets; which constitute as many primitive formations, and are 
distinguished each by the name of that particular rock which 
constitutes the greatest proportion of the formation. ‘These 
seven sets of primitive formations are as following: 


1. Granite. (5. Newest primitive porphyry. 
2. Gneiss. U6. Sienite. 
3. Mica-slate. 7. Newer serpentine. 


4, Clay-slate. 


The eranite is the undermost, and the sienite the upper- 
most of the primitive formations. Granite is scarcely mixed. 
with any other rock; but in gneiss, mica-slate, and clay-slate, 
there occur beds * of old porphyry, primitive trap, primitive 
lime-stone, old serpentine, quartz vock. For that reason, these 
rocks are said to constitute formations subordinate to gneiss, 
mica-slate, and clay-slate. Gypsum occurs in beds in mica- 
slate, and old flinty-slate occurs in the same way in clay-slate- 
Hence they constitute formations subordinate to mica and 
clay-slate. Thus, besides the seven principal primitive forma- 
tions, there occur seven subordinate formations, interspersed 
through the second, third, and fourth formations ; and topax 
rock, which lies over gneiss and under clay-slate, must be 
added to the list: so that the primitive formations altogether 
amount to fifteen. 

If we suppose the nucleus of the earth to have been first 
formed, and the formations to have been afterwards deposited 
in succession upon this nucleus, it will follow that the howest 
formation is the oldest, and that the formations are newer and 
newer according as they approach the surface. This sup- 
position accounts for some of the names given to the primitive 
formations. That porphyry, for example, is considered as 
the oldest which lies lowest down in the series of formations, 
and those formations of porphyry which le nearer the surface 
are considered as newer. Granite, of course, according to 
this way of speaking, is the oldest formation of all, while the 


* When a mountain is composed of layers of the same kind of stone, it. 
is said to be stratified; but when the layers are of different kinds of stone, 
it is said to be composed of beds. . 
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alluvial are the newest of all. The following table exhibits a 
synoptical view of the primitive formations: 3 


11. Gypsum. 
12. Older flinty-slate. 


Principal. Subordinate. 
1. Granite. 
| { 6. Older porphyry. 
Ca eLYtts | 7. Primitive trap. 
Milka alae 8. Primitive lime-stone. 
4 Daahabatile) < 9. Older serpentine. 
5. Clay-slate. Ee Quartz, 


13. Newer porphyry. 
14. Sienite. 
15. Newer serpentine. 


Let us consider each of them in the order of the formations. 


1]. Granite. 


Granite is the lowest of all the formations, and the basis 
upon which the others rest. It is composed of felspar, quartz, 
and mica ; each in a crystallized state, and cohering together 
without any cement. The felspar is usually the most abundant 
ingredient, and the mica the smallest in quantity. The co- 
Jour of the quartz and mica is usually grey; but the felspar 
has a considerable variety of colours, occurring in different 
shades of white, grey, red, and green. The size of the con- 
stituents of granite varies considerably. Sometimes the grains 
are very large, and sometimes they are so small that the 
granite has the appearance of a sand-stone. Sometimes it is 
porphyritic, large crystals of felspar occurring in a basis of 
fine-grained granite. Sometimes this rock is distinctly stra- 
tified, but in other cases no stratification can be perceived. 
The unstratified or massive granite is frequently composed of 
large globular masses, each of which is composed of concen- 
tric lamellar distinct concretions. The intervals between these 
balls consist of a softer granite, subject to crumble down when 
exposed to the action of the weather. 

Besides the three constituents of which granite essentially 
consists, other crystallized minerals occasionally occur in it, 
though only in small quantities. .These crystals are chiefly of 
schorl; sometimes garnet and tin-stone. 

Granite very seldom contains among its strata beds of any 
foreign rock. Beds of felspar alone have occasionally been 
observed in it. It is not so rich in ores as some of the other 
formations. ‘Tin and iron are the metals which are most 
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abundant in it. Hitherto molybdena kas been found chiefly 
in granite. It contains also silver, copper, lead, bismuth, 
arsenic, cobalt, tungsten, and titanium. 

Besides the great granite formation which has been just de- 
scribed, Werner recognizes a second; which is supposed to 
occur nearly in the same geognostic situation as porphyry and 
sienite. The granite veins which traverse gneiss, mica-slate, 
and clay-slate, belong to this information. ‘There are several 
particularities by which this newer granite may be distin- 
guished from the other. It usually occurs in a lower level; 
it has commonly a deep red colour; contains garnets; and is 
not porphyritic. | 

When granite is not covered by any other formation, it 
forms high insulated cliffs and steep rugged rocks. 

Granite occurs likewise in transition and even in floetz 
formations. | 

1 2. Gneiss. 

Gneiss * is the. formation which lies immediately over gra~ 
nite, and into which indeed it gradually passes. Gmneiss con- 
sists of the same constituents as granite; namely, felspar, 
quartz, and mica: but it differs in its structure, being disposed 
into slates from the prevalence of the mica. ‘The texture of 
the individual slates is‘: granular. Hence the structure of 
eneiss is granular slaty. Gneiss is always distinctly stratified. 
It sometimes contains crystals of schorl; but they are smaller 
and much more uncommon than in granite. Tourmaline is 
more common, and so likewise is garnet. It contains in it 
many foreign beds, which is not the case with granite. Beds 
of three of the first six subordinate formations are found in 
it. It is, perhaps, richer in metallic ores than any other for- 
mation. Almost every metal occurs {in it, either in beds or 
veins. 

When gneiss is not covered by any other formation, it forms 
round-backed mountains, and likewise crags ; but less steep 
and insulated than those composed. of granite. 


3. Mica-slate. 
The formation which lies immediately over gneiss, and into 
which it insensibly passes, is mica-slate. This rock, like the 
preceding, is compound, and composed essentially of quartz 


* The word gneiss is of Saxon origin, and was applied by the miners to 
the decomposed stone which forms the walls of veins. Werner first gave it 
the meaning which it now bears. 
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and mica. Like gneiss it is slaty, but it differs from that Chap. Tit. 
rock in containing no felspar. It is always stratified. It very “ort 
frequently contains garnet crystals in considerable quantity, 
so as to give it a porphyritic appearance, Its structure is 
then slaty porphyritic. It sometimes also contains crystals of 
tourmaline, cyanite, and granatite. Felspar likewise occurs — 
in it occasionally; not, however, as a constituent, but in 
kidney-form. and irregular masses. Like gneiss, it contains Fircien 
amany foreign bodies (older porphyry, primitive trap, primi- minerals. 
tive lime-stone, older serpentine, and gypsum, occur in it.) 

It is rich in ores; containing beds of magnetic iron-stone, 
pyrites, galena, copper pyrites (containing gold), blende, cin- 
nabar, cobalt glance, magnetic pyrites, and sometimes even 
native gold. It abounds also in metalliferous veins, 


4.  Clay-slate. 


Mica-slate gradually passes into clay-slate, the formation 

immediately over it. Clay-slate consists essentially of the 
mineral described in the preceding chapter under that name. 
This rock is always slaty and always stratified. When it ap~ 
proaches mica-slate, grains of quartz, and also of mica, may 
be distinguished in it. Occasionally also it contains crystals 
of felspar, schorl, tourmaline, garnet, and horn-blende. 

Under the name of clay-slate formation is included not only Compre- 
clay-slate, strictly so called, but likewise chlorite-slate, talc- b™4s 2 


riety of 
slate, whet-slate, drawing-slate, and alum-slate 3 all of which slates. 


occur along with pure clay-slate, are similarly stratified, and 
gradually pass into it and into each other, and therefore are 
considered as only constituting a part of the same formation: 
but these substances affect a particular order. The following 
table exhibits that order, beginning with the lowest or oldest, 


as it is called, and terminating with the uppermost or newest : 


1. Light yellowish-grey clay-slate. Their rela- 
2. Dark-grey clay-slate. tive pod: 


3, Green clay-slate. 

4. Chlorite slate and potstone. 
5. Talc-slate. 

6. Whet-slate. 

7. Bluish-grey clay-slate. 

8. Red clay-slate. 

9. Drawing-slate. 

10. Alum-slate. 
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Besides these different beds, which are considered as con- 
stituting the clay-slate formation, it contains also beds of all 
the eight subordinate formations. It contains also a consi- 
derable number of metallic ores in beds; as iron pyrites, 
copper pyrites, arsenic pyrites, cobalt, galena, &c. It contains 
also a variety of mineral veins. 

Clay-slate occurs likewise in transition formations. 

Having now described the four first primitive formations, 
let us proceed to the subordinate formations ; taking topaz 
rock along with them, on account of its rarity. ‘These are 
the older porphyry, primitive trap, primitive lime-stone, older 
serpentine, quartz, topaz rock, gypsum, and primitive flinty- 
slate. 


5. Older Porphyry. 
By porphyry, as defined by Werner, is to be understood 


a rock consisting of a basis or ground of some compact mi- 
neral, and in this ground are interspersed crystals of some 
other mineral. The ground or basis varies in different por- 
phyries. Sometimes it is clay-stone, sometimes pitch-stone, 
&c.; the porphyry is named from this basis. The following 
are the species of porphyry that have been described : 


1. Clay porphyry. 5. Sienite porphyry. 
2, Horn-stone porphyry. 6. Obsidian porphyry. 
3. Felspar porphyry. 7. Pearl-stone porphyry. 


4, Pitch-stone porphyry. 


The crystals interspersed through the different bases are 
commonly felspar, sometimes quartz, and sometimes horn- 
blende and mica; but the two last are uncommon, especially 
the mica. 

There are two very different formations of porphyry: the 
first is found in beds in gneiss, mica-slate, and clay-slate; 
whereas the second always lies over all these formations. 
Hence the first is distinguished by the name of older, and the 
second is called newer porphyry. It is the first of these that — 
we are to consider at present. 

The basis of the older porphyry is usually a species of | 
horn-stone, and sometimes felspar; and the crystals which 
occur in it are felspar and quartz. Hence the older porphyry 
consists chiefly of horn-stone porphyry, and felspar porphyry.’ 
When not covered by other formations it sometimes forms 
single rocks, but never large mountains. | 
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6. Primitive Trap, 
The word trap'is Swedish, and signifies a stair. It was chap. mn 
applied by the Swedish mineralogists to certain rocks, whose hae 
_ strata when exposed, from the one jutting out under the other, 
_ gave an appearance somewhat like a stair.. The term was 
adopted by other nations, and was applied indiscriminately 

to a great variety of rocks, which bore a certain resemblance 
to each other. This generalization introduced much confu- 

sion into the subject, which was first cleared up by Werner 

and his disciples. Under the term traps Werner comprehends 
certain series of rocks, distinguished chiefly by the hornblende, wee 
- which they all contain. In the most ancient, the hornblende is mations. 

almost pure: this purity gradually diminishes, and in the most 

recent traps the hornbleude degenerates to a kind of indurated 
clay. There are, then, three formations of trap: 1. Primitive 

trap; 2. Transition trap; 3. Floétz trap. The first only oc- 

cupies our attention at present. 

_ The primitive trap formation contains a considerable num- primitive. - 

ber of rocks; which, occurring in different parts of the earth 

in similar’situations, and as it were substituted for each other, 
are considered altogether as constituting only one formation. pi 

The following table exhibits a list of the rocks belonging to it 

this formation : 

I. Hornblende. 
1. Granular or common hornblende, 
2. Hernblende slate. 
II. Hornblende and felspar united. 
1. Granular. 
1. Common green-stone. 
2. Porphyritic green-stone. 
3, Green-stone porphyry. 
4. Green porphyry. 
li. Slaty. 
. 1. Green-stone slate. 
III. Hornblende and mica united, 
1. Porphyritic trap. 

The first two of these rocks consist essentially of the mine« 
rals described in the last chapter under the names of common 
hornblende and hornblende slate. The latter sometimes passes 
into fine slaty gneiss and into chlorite slate. 

_ Common green-stone is composed of hornblende and felspar, 
both in the state of grains or small crystals, and the horn-’ 
blende usually constitutes by far the greatest proportion of the 
mevOL. In, , 20 
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ses mass. The felspar is almost always tinged green from the 

‘hornblende. This rock sometimes contains a little micas 
sometimes it is intersected by small veins of quartz and acti- 
nolite; and sometimes also, though less frequently, of felspar 
and calcareous spar. 

Porphyritic green-stone, like the preceding rock, is a com- 
pound of granular hornblende and felspar; but it contains 
likewise large crystals of felspar and quartz, interspersed 
through the green-stone ground. 

Green-stone porphyry (black porphyry of the antiquary) is a 
rock consisting of granular green-stone, So small-grained that 
at first sight it has the appearance of being a simple stone; 
containing in it large crystals of felspar, coloured green from 
hornblende. | 

Green porphyry (the verde antico serpentine) is a rock which 
has for its ground a mixture of hornblende and felspar, so 
intimate that the two ingredients cannot be distinguished by 
the naked eye, and having a blackish-green or pistachio green 
colour. This trap contains ereenish-coloured felspar crystals, 
often cruciform. | | 

Gieen-stone slate is a. rock composed of hornblende and 
felspar, and sometimes a little mica, and having a slaty tex- 
ture. It is very hard; but, like the other species of green- 
stone, soon withers when exposed to the air. 

Porphyritic trap is a rock composed of an intimate mixture 
of hornblende and felspar, containing in it large plates of 
mica, which give it a porphyritic appearance. | 

All the rocks of the primitive trap formation are charac- 
terized by containing a mixture of iron pyrites. Their stra- 

tification is indistinct; and, indeed, if we except green-stone™ 
| slate and hornblende slate, usually not perceptible. When 
primitive trap is not covered by any other formation, it con- 
stitutes considerable hills and cliffs. It abounds in ores, 
| especially green-stone slate. 

| “. Primitive Lime-stone. 
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| Lime-stone occurs in all the four grand classes of forma-_ 
| tions, but it assumes a peculiar and characteristic appearance” 
in cach. In the primitive it is distinctly crystalline and trans- 
parent. The crystalline texture gradually becomes less and 
less distinct, as the formations advance, till at last the lime= 
stone assumes the appearance of an earthy deposite. ‘ 

Primitive lime-stone occurs usually in beds, and seldom 
forms entire mountains. Its colour is usually white, some= 
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times it is grey, but very seldom assumes any other colour. 
It is the species of lime-stone described in the preceding 
chapter under the name of granular foliated. It sometimes 
contains in it quartz, mica, hornblende, actinolite, garnet, 
tremolite, talc, clay-slate, serpentine, asbestus, blende, galena, 
common and magnetic pyrites, and magnetic iron-stone. The 
ores are usually found at the lower part of the beds of lime- 
stone. It is sometimes stratified, and sometimes not. When 
not covered by any other formation, it forms steep bare 
rocks; and when it occurs in considerable quantities, often 
contains caverns. 


8. Older Serpentine. 


The serpentine formation consists essentially of the mineral 
described under that name in ‘the preceding chapter. Two 
subspecies were there described ; namely, the common and 
precious serpentine. The latter (at least chiefly) constitutes 
the formation at present to be described, It occurs, like the 
other subordinate primitive formations, in beds in gneiss, 
mica, and clay-slate, and alternates with lime-stone. It is 
seldom stratified. It contains in it galena, and auriferous 
arsenic pyrites. | 

9. Quartz. 


Quartz occurs in beds, and in no great quantity. It is 
usually granular and of a white colour ; sometimes it con- 
tains a mixture of mica, which gives it a slaty texture. It is 
very often unstratified; but as it abounds in rents, these have 
often been mistaken for strata. 


10. Topaz Rock. 


The rock which constitutes this formation is very rare, 
having been observed only in Saxony, where it constitutes a 
mountain. ‘There it rests on gneiss, and is covered by clay- 
slate. It is composed of three ingredients; namely, Jie 
granular quartz, schorl, in thin prismatic distinct concretions, 
and topaz almost massive. These are arranged in thin layers, 
and these again into roundish and granular distinct concre- 
tions, so that the rock is slaty granular. The intervals be- 
tween these concretions are filled up with a yellowish or 
greenish-coloured lithomarge. 


11. Gypsum. 
- Gypsum was formerly believed. to be peculiar to the floétz 


ormations; but an immense bed of it has lately been disco- 
20.2 
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Book 1. vered in Switzerland in mica-slate. This primitive gypsum is 


characterized by containing mica and clay-slate.* 


12. Primitive Flinty-slate. 


This rock consists essentially of the mineral described in 
the last chapter, under the name of flinty-slate. It is often 
traversed by veins of quartz. ‘There are two formations of it ; 
namely, the primitive, which occurs in beds in clay-slate, and 
another which belongs to the transition formations. 

Having now described the eight formations which are su- 
bordinate to gneiss, mica, and clay-slates, let us proceed to the 
remaining primitive formations, which always cover clay- 
slate, and are therefore considered as newer than it. ‘These 
are the newer primitive porphyry, sienite, and the newer 
serpentine. 

13. Newer Porphyry. 


To this formation belong the following species of porphyry 5 
namely, clay porphyry, pitch-stone porphyry, obsidian porphyry 
pearl-stone porphyry, and sometimes felspar porphyry. Clay 
porphyry is by far the most common. To this formation 
also belongs clay-stone, a mineral described in the preceding 
chapter. It constitutes the basis of clay porphyry, and fre- 
quently occurs without any crystals of felspar or quartz. To 
st we must also refer a kind of breccia porphyry, composed 
chiefly of fragments of hornstone porphyry~ and felspar 
porphyry. | 

In the rocks belonging to this formation, it is common to 
find round masses of a harder and more flinty stone than the 
mass of the rock itself. Thus in clay porphyry we find masses 
of horn-stone porphyry, containing in their centre a kernel | 
of calcedony ; in pitch-stone porphyry we find masses of con- 
choidal hornstone, with a quartz kernel in the centre. Agate, 
calcedony, heliotrope, amethyst, and quartz, often occur either | 
in plates, thin beds, veins, or irregular masses ; sometimes | 
also the precious opal is found in this formation occupying 
clefts. It contains also a variety of ores, as of gold, silver, 
lead, iron, tin, manganese, &c.; but hitherto they have been 
discovered only in veins, and never in beds. 


* It was first observed by Freisleben at the bottom of St. Gothard. 
D’Aubuisson observed a bed of it in mica-slate in a mountain betweer 
the valley of Cogne and Fenis in the High Alps. Jour. de Phys. Ixy. 402. 
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- This formation lies over all the preceding, and consists of Chap. mr. 
beds more irregular, and more interrupted. It extends very 

widely. Hitherto ‘it has scarcely been discovered stratified, 

When it composes hills, they are often split into columns 

like those of basalt. 


14. Svzenite. 


This rock occurs usually along with porphyry; and when 
they are both together, the sienite generally forms the upper- 
most part of the hill. 

Stenite is a rock composed essentially of felspar and horn- 
blende, the same constituents which form green-stone; but 
in sienite the felspar is the prevailing ingredient, whereas in 
green-stone it is the hornblende. In sienite the felspar is 
usually red, and very seldom has a tinge of green, whereas 
in green-stone the felspar is never red, but almost always 
greenish-white. The structure of sienite is eranular, and the 
grains vary greatly in size: sometimes small-grained sienite con- 
tains in it large crystals of felspar ; it is then called porphyritic 
sienite. When the two ingredients that constitute sienite are 
so small, and so intimately mixed, that they cannot be dis- 
tinguished by the naked eye, and when such a rock contains 
crystals of felspar and quartz, it is denominated sicnite porphyry. 

Sienite, like porphyry, contains few foreign beds; but it is 
rich in ores, containing gold, silver, iron, tin, copper, lead, 
&c. always however in veins. 

* The rocks of sienite are often divided into columns. Like 
the newer porphyry it often occurs in round masses. 


15. Newer Serpentine. 

This formation consists of the rock composed essentially of 
the mineral called common serpentine. It bears a striking 
resemblance to the newer porphyry formation, and occurs in 
similar situations; but whether it covers it, is covered by it, 
x comes in place of it, has not hitherto been ascertained in 
i satisfactory manner. It sometimes contains steatite, asbes- 
us, talc, meerschaum, native magnesia, pyrop, and schiller- 
itone. It is seldom or never stratified, and except magnetic 
Ton-stone contains scarcely any ore. 

Such is a sketch of the rocks constituting “the primitive Remarks. 
rmations. It deserves attention, 1. That the rocks con- 
tituting them are all chemical combinations, and generally 
tystallized ; the crystallized appearance being most striking 
O the oldest, and gradually becoming less perfect in the 
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newer formations: 2. That they contain no petrifactions ; 
3. That the oldest formations contain no carbonaceous mat- 
ter, and that it occurs only very sparingly in the primitive 
formations. Slaty glance coal and graphite occur in them. 
4, That when we compare together the height of the different 
formations, where each individual is not covered by any suc- 
ceeding one, we find that granite stands highest of all; that 
the level of the gneiss is a little ower ; that of the mica-slate 
still Jower'; and that of the clay-slate lowest of all. So that 
there is a regular sinking of the level from granite to clay- 
slate; but the newer porphyry and sienite are laid over the 
tops of the preceding, as if these two formations had been 
deposited long after the formation of the rest. Nay, there is 
often interposed between the porphyry and these formations, 
a bed of breccia, composed of fragments of the anterior for- 
mation. 5. That almost all the rocks which contain magnesia 
are confined to the clay-slate formation. 


CLASS II. TRANSITION FORMATIONS. 


Having described the primitive formations, let us now pro- 
ceed to the second great class, the transition, which lie imme- 
diately over them. ‘These are by no means so numerous, since 
they consist of the following sets ; namely, 


1. Granite. 5. Transition flinty-slate. 
2. Greywacka. _ 6. Dialage rock. 

3. Transition lime-stone. 7. Gypsum. 

4, Transition trap. 


They all alternate with each other, sometimes one, ‘sometimes 
another being undermost, except one bed of transition lime- 
stone, which seems always to rest upon the primitive forma- 
tions, and may therefore be considered as the oldest of the 
transition formations. 

It is in the transition rocks that petrifactions first make 
their appearance; and it deserves particular attention that 
they usually consist of species of corals and zoophites, which 
do.not at present exist, and which therefore we must suppose 
extinct. The vegetable petrifactions are likewise the lowest 
in that kingdom, such as ferns, &c. This remarkable cir- 
cumstance has induced Werner to conclude, that the transi- 
tion rocks were formed after the earth contained organic 
beings. Hence the name transition, which he has im- 
posed, as if they had been formed when the earth was 
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passing from an uninhabited to an inhabited state. The date Chap. ut. 


of their formation is conceived to be very remote, since the 
petrifactions which they contain are the remains of animal — 
and. vegetable species now extinct. It is in the transition 
rocks, too, that carbonaceous matter makes its first appearance 
in any notable quantity. 


1. Granite. 


Granite has been discovered in different places, lying over 
rocks that contain petrifactions. And as these rocks belong 
to the transition class, we are entitled to infer that the granite 
lying over them is likewise transition. 1 found the eranite 
of St. Michael’s Mount, in Cornwall, alternating with beds 
of clay-slate. This clay-slate may be traced from Plymouth 
to. St. Michael’s. Now at Plymouth it alternates with transi- 
tion lime-stone containing petrifactions. Therefore the St. 
Michael’s granite must be transition. Von Buch found granite 
covering lime-stone containing petrifactions near Christiania 
in Norway. 


2. Greywacka. 


This formation consists of two different rocks, which usnally 
alternate with each other, and pass into each other. These 
are greywacka, and greywacka-slaie. The first characterizes 
the formation. 

Greywacka is a rock composed of pieces of quartz, flinty- 
slate, felspar, and clay-slate, cemented together by a basis of 
clay-slate. ‘The pieces are sometimes as large as a hen’s egg ; 
sometimes so small that they cannot be perceived by the naked 
eye. ‘The clay-slate basis likewise varies in quantity consider- 
ably. It often contains soft plates of mica, and quartz veins 
-are very common in it; sometimes it is so hard that it appears 
indurated by some siliceous cement, ‘The texture of grey- 
wacka becomes gradually finer and finer grained, till at last it. 
can no longer be perceived, and a slaty structure succeeds. It 
then passes into greywacka-slate. 

Greywacka-slaie is nothing else than a variety of clay-slate ; 
but it may be distinguished from primitive slate by different 
circumstances. Its colour is usually ash or smoke-grey, seldom 
showing that greenish or light yellowish-grey colour which is _ 
so common in primitive slate. It does not show the silvery 
uninterrupted lustre of primitive slate, but is rather glimmer- 
ing, from interspersed scales of mica. It contains no beds of 
. quartz, but very often veins of that mineral. It contains no 
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Book 11. crystals of felspar, schorl, tourmaline, garnet, or hornblende; — 

nor beds of garnet, chlorite-slate, talc, or magnetic iron-stone. 
It contains petrifactions. 

Foreign mie = ‘The greywacka rocks are stratified. When not covered ie 

morals, 
any other formation, they form round-backed hills, usually 
insulated at top and intersected by deep valleys. It contains 
immense beds of transition lime-stone, trap, and flinty-slate. 
It is rich in ores, both in beds and veins, and the veins are 
often of an uncommonly large size. 


3. Transition Lime-stone. 


This, like primitive lime-stone, is a simple rock ; but it ap- 
proaches more to compact, and is less transparent than the 
primitive. It contains often veins of calcareous spar, and ex- 
hibits a variety of colours, which gives it a marbled appearance. 

| It contains marine petrifactions of corals and zoophites, which 

no longer exist, and which do not occur in the subsequent 

| lime-stone formations. These petrifactions increase in quan- 

| tity as the beds of transition lime-stone advance farther and 
farther in their position from the primitive formations. It is 
often mixed with greywacka-slate, which gives it a slaty tex- 
ture. It occurs in beds of greater and smaller size, and often 
forms whole mountains. It contains no foreign beds except — 
of transition trap. It is scarcely stratified. It is rich in ores. 
The species of lime-stone called lucullite usually characterizes 
the transition formations. 


4. Transition Traps. 


“This formation, as the name imports, consists of rocks dis- 
“tinguished by the great proportion of hornblende which they 
contain. It comprehends four species of rocks; namely,! 


- Pocks in- ; 1. Transition green-stone. 
wrudes, 2. Amygdaloid. 
8. Porphyritic transition trap. 
4. Globular trap (kugel fels), 


Transition green-stone is a rock composed of fine granular 
horneblende and felspar intimately mixed together, and not so 
distinctly crystallized as in primitive green-stone. Sometimes 
the mixture is so intimate, that the two minerals cannot be 
distinguished. In that state it often becomes loose in its tex- 
ture, and approaches wacka and basalt. In this last case it 
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often contains vesicles. When these are filled up with other chap. mt. 


minerals, the rock passes into amygdaloid. 

Amygdaloid is nothing more than this last state of oreen- 
stone. ‘The vesicles are filled up with calcareous spar, calce- 
dony, quartz, jJasper-agate, green-earth, amethyst, &c. either 
completely or partially. bey 

Sometimes the transition green-stone, in this softened state, 
_ contains crystals of felspar coloured green by the hornblende. 
It then constitutes phorphyritic transition trap. 

Globular trap is a fine granular hornblende rock of a loose 
texture, and tending very strongly to clay; of a liver-brown 
colour, and containing in it globular masses composed of con- 
centric lamellar concretions, and containing a hard kernel. 

The transition trap rocks are only doubtfully stratified. 
They alternate with the other transition formations in beds, and 
sometimes compose whole mountains. Common and lenticular 
clay-iron-stone occurs in it in beds. 


5. Transition Flinty-slate. 


This formation consists essentially of common flinty-slate 
and Lydian-stone, which pass into each other. It is a simple 
stone, but is characterized by containing many veins of quartz. 
It is not stratified. When it constitutes rocks they are usually 
steep, and appear very much lacerated and worn down by the 
weather. ‘This is occasioned by the numerous rents which 
this species of rock contains. ; 

To this formation seems to belong ribbon jasper, which 
sometimes constitutes whole rocks. It may possibly occur 
also in some of the subsequent formations. 


6. Dniallage Rock. 


This beautiful rock consists essentially of masses or crystals 
of diallage and saussurite mixed together, like granite. Pieces 
of serpentine often occur in it also, which adds greatly to the 
beauty of the rock. It was observed long ago in the Alps and 
in Italy, where it is known by the name of gabbro. Von Buch 
found it near Christiania; and I observed it in the peninsula 
of the Lizzard in Cornwall, where it is associated with transi- 
tion green-stone, and serpentine. 


7. Gypsum. 


-* Von Buch observed a bed of gypsum in greywacka at Leo- 
gang in Salzburg. Brochant has examined the different gyp- 
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sum beds in the Alps, and has satisfied himself that they all lie 
in transition formations. Indeed it seems at present doubtful, 
whether any real primitive gypsum has yet occurred. 


CLASS III. FLOETZ FORMATIONS. 


The next grand class of formations have received the name 
of floetz, because they lie usually in beds much more nearly 
horizontal than the preceding. When not covered by a suc- 
ceeding formation, they form hills which do not rise to the 
same height as the primitive or transition. They contain 
abundance of petrifactions ; and these much more various in 
their nature than those which occur in the transition forma- 
tions, consisting of shells, fish, plants, &c. indicating that they 
were formed at a period when organized beings abounded. 

The floetz formations lie immediately over the transition. 
They comprehend a great number of individual formations, 
each of which affects a particular situation, The following 
table exhibits a view of these different formations in the order 
of their position, as far as is known : 


1. Old red sand-stone and fioetz trap. 
2. Independent coal. | 
3. First floetz lime-stone. 
4. First floetz gypsum with rock salt. 
5. Variegated sand-stone. 
6. Second floetz gypsum.. 
7. Second floetz or shell lime-stone. 
3, Third sand-stone or free-stone. 
9. Chalk. 

10. Newest floetz trap. 


i 


The last formation, the newest floetz trap, lies over the rest, 
pretty much as the newer porphyry and sienite do over the 
older primitive formations. 


1. Old Red Sand-stone. 


This formation lies immediately over the transition, or, 
where they are wanting, over the primitive rocks. Hence it 
is considered as the oldest of the floetz formations. 

Sand-stone is composed of grains of quartz, or some other 
siliceous stone, cemented together by some basis, and can only 
be considered as a mechanical mixture. ‘The cement is some- 
times clay, sometimes quartz, lime, marl, &c. and the sand- 
stone is named, in consequence, argillaceous, siliceous, calca- 
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reous, marly, &c. | This cement varies much in quantity, but Chap. ur. 
never predominates ; sometimes it is too small in quantity to eae, 
be perceived. The size of the grains is no less subject to varia- 
tion; when they are large the rock is sometimes called pudding- 
stone. 
The old red sand-stone has usually a red colour. Its grains 
are large. They consist of quartz, flinty-slate, &c. cemented 
by iron-shot clay. It is distinctly stratified, and contains few 
ores. Cobalt, however, occurs in it; and it is often impreg- 
nated with copper, from the formation which lies over it. 


2. Independent Coal Formation. 


‘In Great Britain, where coal occurs in greater quantity than 
in any other country, it seems very generally to lie over the 
old red sand-stone. This at least is the case in the north of 
England and in Scotland. It is deposited in detached patches, 
usually in vallies over the red sand-stone, or over the transi- 
tion formation when the red sand-stone is wanting. These 
patches, in general, have no connexion with each other. 
Hence the epithet independent, by which the formation is dis- 
tinguished: but they are found in considerable quantities in 
the most distant parts of the earth, Europe, America, New 
Holland, and always similarly situated with respect to the 
other formations. Coal occurs in it in great abundance; 
though in the preceding formations it is very scarce, and in- 
deed is only found in thin individual beds. Hence it is con- 
sidered as characteristic of this formation. 'The rocks of which 
(not reckoning the coal) this formation is composed are the 
following: 


Sand-stone. Lime-stone. Rocks be- 
Coarse conglomerate. Marl. longing to it. 
Slate-clay. Clay iron-stone. 

Bitumiious shale. __-- Porphyritic-stone. 

Indurated clay. Green-stone. 


Layers of these rocks alternate a great many times with each 
other, and in them the coal occurs in numerous beds, varying 
extremely in thickness. ‘The subspecies of coal which occur 
in this formation are coarse coal, foliated coal, cannel coal, slate 
coal, and a little pitch coal. 
All the different rocks of which this formation is composed Includes 6 


seldom or never occur together. Hence it is presumed, that dinate for- 
there are several subordinate formations belonging. to the in- ™™* 
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Book 11. dependent coal, which occupy determinate situations with re- _ 


spect to each other. ‘Three such formations have been cha- 
racterized. The oldest or lowest is composed of beds of in- 


durated clay, lime-stone, marl, porphyritic stone, slate-clay, 


bituminous shale, green-stone, and soft sand-stone, and is charac- 

terized by containing in it some metallic ores. ‘These are ores 

of copper, tron, lead, and perhaps also mercury. ‘The second 
is composed of beds of indurated clay, marl, lime-stone, and 

porphyritic stone. It contains some pyrites, but no other ore. 

The third, or newest, is composed of soft sand-stone, conglo- 

merate, and slate-clay, and contains no ore. 

The sand-sione of this formation consists usually of grains 
of quartz, differing in size, and cemented by a calcareous or 
argillaceous, and sometimes even a siliceous basis. Its colour 
is various, though most commonly grey, and it often contains 
very thin seams of coal interspersed through it. It is often, 
employed in building. | 7 

The conslomerate.c consists of fragments of lime-stone, quartz, 
greywacka, &c. cemented Nr by a basis of clay. 

The slate-clay, bituminous shale, and indurated clay, are the 
minerals described in the last chapter under these names. 

The lime-sione belongs to the compact subspecies, has a splin- 
tery fracture, and is scarcely translucent on the edges. 

‘The marl and clay iron-stone are the minerals described in 
the preceding chapter under these names. The green-stone 
belongs to the species which occurs in the floetz trap rocks, 
to be described immediately. ‘The porphyritic stone, I pre- 
sume, consists of a clay basis, containing crystals of felspar. 

The rocks belonging to this formation are very distinctly 
stratified. Abundance of petrifactions occur in it, especially 
in the sand-stone and bituminous shale. ‘They are chiefly of 
vegetables; ferns, reeds, &c. are the most common. Those 
in the sand-stone are usually rather casts of vegetables than 
real petrifactions: They seem often to resemble palms, &c;; 
but none of them have been distinctly referred to any vegetable 
species at present existing. 


3. First Floetz Lime-sione. 


Floetz lime-stone is usually of a grey colour; its fracture is 
compact; it has no lustre, and is only translucent on the 
edges. Sometimes, indeed, thin beds of granular foliated 
lime-stone occur in it; but they contain petrifactions, which 
distinguish them from primitive lime-stone. Floetz lime-stone 
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is well characterized by the masses of horn-stone and flint chap. mt 
which it contains. 3 

The first floetz lime-stone formation lies over the old red Foreign 
sand-stone, and is well characterized by a bed of bituminous" 
marl-slate, containing copper, which is peculiar to it. This 
bed is always situated lowest, and therefore immediately con- 
tiguous to the sand-stone. It contains but few petrifactions; 
and when they occur they are in the undermost strata, and in 
the bituminous marl bed. They consist chiefly of fish. Vari- 
ous beds of marl occur in this formation, and likewise a species 
of vesicular lime-stone, known in Germany by the name of 
rauch wacke. 


4:, First Floetz Gypsum. 


Gypsum, in general, may be considered as a simple rock; 
sometimes, however, it contains crystals of boracite, arragonite, 
and quartz. Sulphur is likewise found in it, both disseminated 
and in compact masses. ‘There are two formations of it. 

The first floetz gypsum lies immediately over the first floetz 
lime-stone. It consists chiefly of foliated and compact gyp- 
sum, together with a good deal of selenite. It is in this for- 
mation that swine-stone occurs, either in beds or mixed with 
the gypsum. Rock salt also belongs to it, and appears to lie Rock sate 
over it in short thick beds, being usually mixed with a species Princes, 
of saline clay. Hence the saline springs, which obviously ori- 
ginate from rock salt, are likewise peculiar to this formation. 


5. Variegated Sand-stone. 


This formation lies immediately over the preceding. The 

rock which composes it consists of a fine granular argillaceous 
sand-stone, usually of a green, brown, red, and white colour. 
Several of these colours alternate in stripes, which gives the Porcton 
stone a variegated appearance. Hence the name. It often minerals, 
contains masses of a fat clay, of a greenish, reddish, or yellow- 
ish colour. 

This formation is characterized by two species of rocks, 
which occur in it in beds. ‘These are, 1. The subspecies of 
lime-stone described in the last chapter under the name of roe- 
stone; and, 2. Sand-stone slate. The first is almost peculiar 
to this formation; but the second is found also, though in 
small quantity, in the old red sand-stone. It consists chiefly of 
fine micaceous scales, forming a slaty texture, and having ge- 
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Book ux. nerally thin layers of fine granular sand-stone interposed be- 


“—~-—’ tween them. . 
6. Second Floetz Gypsum. 


This formation lies over the preceding in beds, and is some- 
times, to a certain degree, mixed with it. It contains foliated 
gypsum, but scarcely any selenite, and no swine-stone; and is 
characterized by the fibrous gypsum, of which it is in a great 
measure composed. It is of no great extent; and like the first 
floetz gypsum, is destitute of petrifactions. 


+, Second Floetz Lime-stone, or Shell Lime-stone. 


This formation is separated from the first floetz lime-stone 
by the beds of older gypsum, of variegated sand-stone, and of 
second gypsum; which constitute the third, fourth, and fifth 
formations. It is characterized by the vast number of shells 
which it contains in the state of petrifactions. It contains 
little marl; and only individual beds or seams of coal occur 
in it, so small as not to be worth working. In many places 
flint and horn-stone are found in it; sometimes in small beds, 
sometimes in plates, and sometimes massive or in roundish 
pieces. Particles of galena are likewise found scattered 
through it. 

8. Third Sand-stone, or Free-stone. 


Though the relative position of this formation has not been 
well ascertained, yet it is known to cover all the preceding, 
and therefore to be much newer than either the first or second 
sand-stone formations. It consists mostly of a sand-stone of 
a white colour, well adapted for building. It contains traces of 
coal, but no sand-stone slate, nor roe-stone; and gypsum 
never occurs either immediately over or under it. It is usually 
stratified, and contains natural rents or seams, which cross 
each other at right angles; the one parallel to the stratifica- 
cation, the other perpendicular to it, so that it can be easily 
quarried into large square blocks. ‘This indeed is a character 
that in some measure applies to all the sand-stones. When 
not covered by any other formation, it forms beautiful hills 
and romantic valleys. | 7 


@. Chalk. 


Chalk occurs in great abundance in England and the 
northern parts of France. In England there occur about ten 
beds between the lias lime-stone and the chalk. ‘These consist 
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of marl, clay, sand, and lime-stone. Immediately under the Chap. 1. 


chalk there is usually a bed of green-coloured sand, of no 
great thickness. 

Chalk contains numerous beds of Feeitak flint, often full of 
vesicles. Various petrifactions of echinites, belemnites, &c. 
occur init. It is indistinctly stratified, and forms beautiful 
round knols and hills of very small height. Pyrites is some- 
times found in it, but scarcely any other metallic ore. 


10. Newest Floetz Trap. 


Beds of floetz trap occur in the old red sand-stone, and per- 
haps also in other situations. But those called newest floetz 
trap cover the other floetz rocks, precisely as the newer por- 
phyry and sienite do the primitive. ‘The level of the uncovered 
floetz formations becomes gradually lower, in the order in 
which they have been described; but that of the floetz trap is 
high, as it covers them all, and often forms the summit of 
hills whose lower part consists of older formations. The rocks 
belonging to the floetz trap formations are of two kinds; 
namely, those which are peculiar to it, and those which occur 
also in other formations. The following are the rocks peculiar 
to this formation: 


Wacka. Porphyry slate. 
Iron-clay. Grey-stone. 
Basalt. Amygdaloid. 
Pitch-stone. Trap tuff. 


Green-stone 


Basalt claims the first place, as it characterizes the floetz 
formation. It consists essentially of the mineral described in 
the last chapter, under the name of basalt, for a basis, con- 


taining crystals of basaltic hornblende, augite, olivine, and: 


iron-sand, which give it a porphyritic structure. It contains 
also vesicles, which are filled with zeolite, calcareous spar, li- 
thomarge, &c. ‘The vesicles are sometimes filled with water. 
Sometimes it passes into wacka; sometimes into grey-stone; 
and sometimes, though rarely, into porphyry slate. 

Wacka is sometimes the simple mineral described under that 
name in the preceding chapter. Sometimes it contains basaltic 
hornblende and mica, which give it a porphyritic appearance; 
sometimes it is spotted, from crystals which it contains. It 
passes sometimes into clay; sometimes into basalt. The zron- 
clay likewise has been described in the preceding chapter. 


Rocks pe= 
culiar to 
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Pitch-stone was first observed in this formation by Professor 


3 . . . e ° e 
Jameson. It is distinguished from that which occurs in the 


Other mi- 
nerals con- 
tained. 


older rocks by the following circumstances. Its colours are 
usually black or green; it is composed of lamellar distinct 
concretions, and it contains crystals of glassy felspar, or meto- 
nite as it is called. 

Porphyry-slate is much less common than basalt; but where 
it does occur it usually forms considerable hills. ‘This rock is 
slaty in the large, compact and splintery in the small, The 
basis of it consists of clink-stone; the crystals which it con- 
tains are of felspar and hornblende. It contains also zeolite, 
iron-sand, and some minerals not yet described. 

Grey-stone is still less common than porphyry slate. It ap- 
pears to consist of an intimate mixture of much white felspar 
and a little black hornblende. ‘This basis contains augite and 
olivine. 

Floetx green-stone is an intimate mixture of grains of felspar 
and hornblende. It is distinguished from primitive and tran- 
sition green-stone by the more intimate mixture and less crys- 
tallized appearance of the constituents. It passes into basalt. 

Amy gdaleid has for its basis sometimes wacka ; sometimes a 
fine granular green-stone, frequently already somewhat de- 
composed. The vesicles which it contains are filled with 
green earth, lithomarge, steatite, &c. Sometimes they re- 
main empty; sometimes this basis contains crystals of horn- 
blende, &c. which gives the rock both a porphyritic and 
amygdaloidal structure. 

Trap-tuff consists of fragments of floetz trap and other 


rocks, cemented by a basis of alluvial clay. 


The minerals which this formation contains, in common 
with others, are not so numerous as the preceding. ‘They are 
the following: 


Sand. Lime-stone. 
Quartzy sand-stone. Coal. 
Clay. 


The grains of sand are of all degrees of magnitude. The 
clay sometimes contains schaum earth. The coal consists 
chiefly of the following subspecies: common brown coal, bitu- 
minous wood, and pitch coal. Sometimes, though seldom, 
glance coal and columnar coal occur in this formation. 

The lowest bed of the first floetz trap formation consists of 
sand, which becomes gradually finer and finer as we approach 


RELATIVE SITUATION OF ROCKS. 577 


the upper part of the bed; at last it becomes clayey, and Chap. ur. 
gradually passes into indurated clay. Over this lies a bed of 
wacka, into which the clay gradually passes. The wacka, in 

its turn, passes into basalt; and the basalt into green-stone, 
grey-stone, or porphyry-slate, which constitute the uppermost 

‘ part of the formation: so that the lowest part of this formation 
consists entirely of a mechanical deposite, while the uppermost 

part has the appearance of a chemical compound. Instead of 

the sand, we sometimes find the quartzy sand-stone, as if the 

sand had been united together by siliceous cement. 

When coal occurs in this formation it commonly lies under 
the basalt. In these cases, beds of sand, clay, wacka, basalt, 
&c. are found in several repeated ‘series. 

All the rocks of this formation seldom or never occur to- 
gether; sometimes one, sometimes more, are wanting. ‘They 
are commonly horizontally stratified, and form conical, insu- 
lated rocks, often flat at the top. This formation extends over 
the whole earth, but the beds are broken and interrupted, so 
as to cap detached mountains, or fill up hollows, but all simi- 
larly situated with regard to each other. It is the newest of 
the floetz formations, as it covers not only the older, but like: 
wise even the newest floetz formations. 

Besides these formations, there appear to be several others 
not yet described. How far these are universal or limited to 
particular spots has not yet been decided: Thus in the envi- Formations 
rons of Paris, the lowest rock known consists of chalk in very °° °*"* 
thick beds. Over the chalk lie about 11 beds of various sub- 
stances, nearly in the same order and thickness in all the hills 
in the neighbourhood. ‘These beds are obviously newer than 
the chalk; and they differ in their nature from all the floetz 
formations above described. An excellent account. of these 
beds has been published by different mineralogists in Paris, 
especially de la Metherie, and Cuvier and Brogniart. The fol- 
lowing are these beds arranged according to their position, 
beginning with the lowest in 4he order, and terminating with 
that at the surface of the earth. 

1. Clay. 
2, Lime-stone. . 
3. Plaster, or a mixture of gypsum and limestone. | 
. Marl and adhesive slate. 
Plaster. 
6. Marl and adhesive slate. - 
7- Plaster. » 
VOL, III. ZP 
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8. Marl and adhesive slate. 
9.’ Clay containing sulphate of strontian in nodules. 
10. Marl. 

Ji. Sand. ° 

1. The bed of clay is about 30 feet thick ; but it varies in 
thickness in different places. It contains very thin beds of 
sand, and a kind of bituminous matter 1s found in it which 
burns when heated, and emits a smell like coal. 

g. The lime-stone differs in its appearance, but the greatest 
part of it is a species of roe-stone full of small shells. It is 
the stone employed for building in Paris. At first it is very 
soft, but it hardens by exposure to the air. It is subject to 
moulder down, and hence the decay observable in several of 
the public buildings of that capital. A stone nearly similar 
occurs in the neighbourhood of Bath, and is there employed as 
a building stone. It is not improbable, from this circumstance, 
that formations similar to those at Paris occur near Bath. 


3. Over the lime-stone lies a bed of plaster about 16 feet 


thick, called by the workmen the low mass. It is mixed here 
and there with mar! and adhesive slate. It contains also thin 
beds of selenite. | 

4. Over the low mass lies a bed of marl and adhesive slate, 
about 16 feet thick. 

5. Over this lies the second bed of plaster, about 15 feet 
thick, called the middle mass, and divided into several layers ; 
some of these consist of ordinary plaster, others of selenite, 
called grignards by the workmen, and rejected by them. : 

6. Over the middle mass lies a bed of adhesive slate and 
marl, about 20 feet thick. This bed in Montmartre contains 
a thin bed of variegated clay, a kind of fuller’s earth. Instead 
of this, menilite occurs in Meneil Montant. It contains rifts, 
often filled with lenticular selenite. 

7. Over the preceding lies a bed of plaster about 50 feet 
thick, called by the workmen the high mass. It is divided 


into ‘a number of layers. This bed at Meneil Montant is, 


divided into irregular columns, similar to those so common in 
basaltic and green stone mountains. It contains a number of 


siliceous nodules like agates, often hollow within and filled — 


with plaster. 

8. Over the high mass lies a bed of marl and adhesive slate, 
about 70 feet thick, and very distinctly stratified. It contains 
vegetable petrifactions. 


9. Over this lics a bed of greenish-coloured clay about 18 ~ 
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feet thick. It contains very impure sulphate of strontian in Chap. ur. 


irregular nodules, which form thin beds like flint in chalk. It 
contains also regular crystals of selenite. 

10. Over this lies a bed of marl about 18 feet thick, regu- 
larly stratified, and in the lower part of which occurs a great 
variety of common oyster shells. 

11. ‘The uppermost bed of all, which crowns the hills in the 
neighbourhood of Paris, consists of fine sand, containing in it 
abundance of sea shells. Sometimes this sand is agolutinated, 
constituting a kind of sand-stone. Sometimes it becomes hard 
enough to be used as a mill-stone. Sometimes it contains 
masses of a kind of clay iron-stone. It contains abundance 
of mica. It is about 55 fect thick. 

It is chiefly in the beds of plaster that the great number of 
fossil bones of land animals have been found, for the descrip- 
tion of which we are chiefly indebted to Cuvier.* 


CLASS 1V. ALLUVIAL FORMATIONS, 


The alluvial formations constitute the great mass of the 
earth’s surface. ‘They have been formed by the gradual action 


of rain and river water upon the other formations, and may - 


be considered as very recent formations, or rather as deposites, 


the formation of which is still constantly going on. They may of two 
be divided into two kinds ; namely, those deposited in the val- 


leys of mountainous districts, or upon the elevated plains 
which often occur in mountains; and those deposited upon flat 
land. | 

The first kind consists of sand, gravel, &c. which constituted 
the more solid parts of the neighbouring mountains, and which 
remained when the less solid parts were washed away. ‘They 
sometimes contain ores (particularly gold and tin) which ex- 
isted in the neighbouring mountains. Sometimes the alluvial 
’ soil is washed, in order to separate these ores. On mountain 
plains there occur also beds of loam. 

The second kind of alluvial deposite, or that which occupies 
the flat land, consists of loam, clay, sand, turf, and calctuff. 
Here also occur earth and brown coal (in this mineral amber 
is found), wood coal, bituminous wood, and bog iron ore. 'The 
sand contains some metals, among others gold: The calctuff 
is a chemical deposite and extends widely. It contains plants, 
roots, moss, bones, &c. which it has encrusted. The clay and 


* See Jour. de Phys. Ixvi. 309. 
ye 
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‘oot 111. sand often contain petrified wood, and likewise skeletons of 
quadrupeds. 


CLASS V. VOLCANIC FORMATIONS. 


The volcanic formations are of two kinds; namely, the 
pseudo-volcanic and the true volcanic. 
preuto-voe ‘Lhe pseudo-volcanic consist of minerals altered in conse- 
eanle. quence of the burning of beds of coal situated in their neigh- 
bourhood. Porcelain jasper, earth slag, burnt clay, columnar 
clay iron-stone, and perhaps also polishing slate, are the mine- 
rals which have been thus altered. 
Volcanic. The real volcanic minerals are those which have been thrown 
out of the crater of a volcano. They are of three kinds; 
1. Those substances which, haying been thrown out from time 
to time, have formed the crater of the mountain: 2. Those 
which have been thrown out of the crater in a stream, and 
rolled down the mountain; they constitute lavas: 3. The 
water which is occasionally thrown out of volcanoes, contain- 
ing ashes and other light substances, gradually evaporating, 
leaves the earthy matter behind it; this substance constitutes 
volcanic tuff. | | Ny 
In America it would appear that all elevations higher than 
Mount, Blanc are entirely composed of volcanic matter. 


SECT. III. 
OF VEINS. 


Natweof . _VEINS-are mineral repositories which cut through the strata 
veins» Oy beds of which a mountain is composed, and which are filled 
with substances more or léss different from the rocks through 
which they pass. We shall have a very distinct notion, of 
veins, if we suppose that the mountains in which they occur 
were split by some means or other, and that the rifts thus 
formed were filled up by the matter which constitutes veins. 
They are distinguished from beds by their direction, which is 
either perpendicular to the stratifications, or at least forms an 
angle with it. “wk 
Sometimes the strata through which veins pass are merely 
separated from each other ; so that if we cut through the vein 
we find the same strata of the rock on both sides of it: but 
sometimes also the corresponding strata on one side are lower 
than on the other, as if the portion of the rock on one side of 
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the vein had sunk a little, while the portion on the other side Chap. m. 


kept its original position. In such cases, the side of the rock 
against which the vein leans, or the floor of the vein, has always 
its strata highest up; while the strata of the portion of rock 
which leans over the vein, or the roof of the vein, are always 
lowest. So that this is the portion which appears to have 
sunk. Such a change of position in the strata is known in 
this country by the name of a shift. 7 

In considering veins, there are two circumstances which 
claim our attention: namely, 1. The shape of veins; and, 
2. The substances with which they are filled. 


1. All those mineralogists who have had the best oppor- Theirshape. 


tunity of examining the shape of veins with correctness agree. 
in representing them as widest above, and as gradually dimi- 
nishing in size as they deepen, till at last they terminate in a 
“point, exactly as if they had been originally fissures. This is 
the account of Oppel, of Werner, and indeed of all those 
writers who have been professionally engaged in superintend- 
ing mines. Sometimes, indeed, veins widen in different parts 
of their course, and afterwards contract again to their former 
size ; but more commonly they continue diminishing gradually 
to their extremity. } | 

2. Sometimes these veins are either partially or entirely 
empty. _ In that case they are denominated fissures ; but most 
commonly they are filled with a matter more or less different 
from the rock through which they pass. - Sometimes the vein 
is filled up with one species of mineral. Thus we have veins 
of calcareous spar, of quartz, &c.; but when it is of any size, 
we frequently find a variety of substances: these are disposed 
in regular layers always parallel to the sides of the vein, and 


they follow in their position a very regular order. One spe- Structure, 


cies of mineral constitutes the centre of the vein: on each side 
of this central bed the very same /ayers occur in the same order 
from the centre to the side of the vein. To give an example; 
the vein Gregorius, at Freyberg, is composed of nine layers or 
beds. ‘The middle of the vein consists of a layer of calcareous 


spar ; on each side of this is a layer consisting of various ores | 


of silver mixed together; on each side of this a layer of brown 
spar ; on each side of this a layer of galena; on each side of 
this, again, and contiguous to the side of the vein, is a layer 
of quartz. The following sketch will give the reader some 
notion of the relative position of these layers: 
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Sometimes the number of layers of which a vein is composed 
greatly exceeds this. Werner describes one in the district of 
Freyberg, in which the middle layer is calcareous. spar, having 
on each side of it no less than thirteen layers arranged in the 
very same order.* 

Almost every mineral substance which occurs in the mass 
of rocks has been found in veins. "We sometimes find them 
filled with different well-known stony bodies. ‘Thus veins of 
granite, porphyry, lime-stone, basalt, wacka, green-stone, &c. 
are not uncommon;+ veins of quartz, clay, felspar, &c. are 
equally common. 

Pit-coal and common salt, and almost all the metals, like- 
wise occur in veins. Some veins are filled with water-worn 
pebbles, as one observed by Werner at J oachimstahl.t Some 
are filled with loam.§ Nay, they even sometimes contain pe- 
trifactions. Thus Baron de Born describes a petrified por- 
pites which he saw in a compact cinnabar vein in Hungary; 
and M. de Schlottheim communicated an account of a still 
more remarkable appearance of the same kind to Werner. 
In a calcareous mountain in Thuringia, there occur veins of 
marl five or six inches thick, containing petrifactions differing 
altogether from those which are found in the lime-stone. The 
petrifactions found in the marl are, cornua ammonis, tere- 
brates, and turbinites; while those that occur in the lime-stone 
rock aretrochites. Beds of the marl occur in the neighbour- 
hood; and these beds contain the same petrifactions that are 
found in the veins. || 

3. It is very common to find veins crossing each other in the 
same rock. When that happens, one of the veins may be 
traced passing through the other without any interruption, and 
cutting it in two, while the other always separates, and disap- 
pears at the point of crossing. 


* Nouvelle Theorie de la Formation des Filons, p. 100. 
+ Werner, Nouvelle Theorie, p. 93. 
} Ibid. p. 81. § Ibid, p. 82. \| Ibid. p. 88. 
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‘4, Such is a short sketch of the most remarkable phenomena. chap. mm. 
respecting veins, ‘Werner supposes that they were originally Wormers 
fissures formed in the rocks, and that they were all gradually oe 
filled by minerals deposited slowly from aboye, while the rocks 
"in which they occur were covered by water, and that they were 
filled at the same time that the different formations were de- 
posited. This theory he has supported in his book on Veins, 
by a very complete enumeration of all the circumstances re- 
specting their structure and appearances. He has shown that 
they resemble fissures very exactly in their shape and direc- 
tion; and that as they contain petrifactions and minerals al- 
tered by the action of water, they must of necessity have been 
filled from above. 

Veins of course, according to this theory, are newer than 
the rocks in which they occur; and when two veins cross, that 
is obviously the newest which traverses the other without in- 
terruption, as the fissures constituting the second vein must 
have been formed after the first vein was filled up. When dif- 
ferent veins contain the same minerals arranged in the same 
order, he conceives that they were filled at the same time, and 
says that such veins belong to the same formation. When they 
differ in these respects, they belong to different formations. 
From the position of the respective veins with respect to each 
other, he deduces their relative age; and from this draws in- 
ferences respecting the relative age of the different mineral 
substances that occur in veins, similar to the inferences drawn 
respecting the age of the rocks which constitute the grand 
classes. of formations described in the preceding chapter. But 
for these curious and important consequences which he deduces 
from his theory, I must refer the reader to Werner’s treatise, 
an English translation of which has been lately published by 
Dr. Anderson. 

I shall conclude this short sketch of Werner’s geognosy 
with two tables, exhibiting the different formations in which 
the most important stony bodies and ores occur, without dis- 

tinguishing whether they are found in beds or in veins. 
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CHAP. IV. 
OF THE ANALYSIS OF MINERALS. 


Tue progress which the art of analysing minerals has made 


Ameer Within these last thirty years is truly astonishing. ‘To sepa- 


minerals. 


Begun by 
Margraff 5 


Improved 
by Klap- 
roth, 


And others. 


Method of 
reducing a 
mineral to 
powder, 


rate five or six substances intimately combined together, to 
exhibit each of them separately, to ascertain the precise quan- 
tity of each, and even to detect the presence and the weight of 
substances which do not approach --,th part of the compound, 
would, at no very remote period, have been considered as a 
hopeless, if not an impossible, task; yet this can now be done 
with tolerable accuracy. 

The first person who undertook the analysis of minerals was 
Margraff of Berlin. His attempts were indeed rude; but 
their importance was soon perceived by other chemists, par- 
ticularly by Bergman and Scheele, whose industry and ad- 
dress brought the art to a considerable degree of perfection. 

But their methods, though they had very considerable me- 
rit, and, considering the state of the science, are wonderful 
proofs of the genius of the inventors, were often tedious and 
uncertain, and could not in all cases be applied with confi- 
dence. ‘These defects were perceived by Klaproth, who ap- 
plied himself to the analysis of minerals with a persevering in- 
dustry which nothing could fatigue, and an ingenuity and ac- 
curacy which nothing could perplex. He corrected what was: 
wrong, and supplied what was wanting, in the analytical me- 
thod; invented new processes ; discovered new instruments ; 
and it is to his labours, more than to those of any other che- 
mist, that. the degree of perfection, to which the analysis of | 
minerals has attained, is to be ascribed. Many improvements, 
however, were introduced by other chemists, especially by 
Vauquelin, whose analyses, both in point of aceuraey and in- 


-genuity, and in number, rival those of Klaproth himself. And 


by Berzelius who has lately distinguished himself very much 
as an analyst. | 

I shall, in the following sections, sketch out the methods of | 
analysis at present. practised. But it will be proper, in the — 
first place, to premise the following observations. 

Before a mineral is submitted to analysis, it ought to be re- 
duced to an impalpable powder. When the stone is extremely 
hard, it may be heated to redness, and then thrown into cold 
water. - This makes it crack and break into pieces. If these — 


6 


ANALYSIS OF MINERALS. 


591 


pieces are not small enough, the operation may be repeated. chap. Iv. 


These fragments are then to be beaten to small pieces in a po- 
lished steel mortar; the cavity of which should be cylindrical, 
and the steel pestle should fit it exactly, in order to prevent 
any of the stone from escaping during the act of pounding. 

When the stone has been thus pounded, a certain quantity, 
whose weight is known exactly, 100 grains for instance, ought 
to be taken and reduced to as fine a powder as possible. ‘This 
is best done by pounding small quantities of it at once, not 
exceeding five grains. The mortar employed is usually of 
agate. It may be about four inches in diameter, and rather 
more than an inch deep. The pestle is composed of the same 
ingredients. The powder is as fine as possible when it feels 
soft, adheres together, and as it were forms a cake under the 
pestle. It ought then to be weighed exactly. It will almost 
always be found heavier after being pounded than it was be- 
fore; owing to a certain quantity of the substance of the mor- 
tar which has been rubbed off during the grinding, and mixed 
with the powder. This additional weight must be carefully 
noted; and after the analysis, a portion of the ineredients of 
the mortar, corresponding to it, must be substracted. When 
the mortar is of agate or flint, the abstracted portion may be 
considered as pure silica. 

It is necessary to have a crucible of pure silver, or of pla- 


Chemical 


tinum, capable of holding rather more than seven cubic inches Y°** 


of water, and provided with a cover of the same metal. 

The dishes in which the solutions, evaporations, &c. aré per- 
formed, ought to be of glass or porcelain. Those of porcelain 
are cheaper, because they are not so apt to break. Those 


which Mr. Vauquelin uses are of porcelain ; they are sections 


of spheres, and are glazed both within and without, except 
that part of the bottom which is immediately exposed to the 
fire. In this country we commonly use Wedgewood’s glazed 
evaporating dishes. The glaze is thin, and not so apt to crack 
as the glaze of the French porcelain; but perhaps it does not 
resist quite so well the action of strong reagents. 
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SECT. I. 


ANALYSIS OF EARTHS AND STONES.* 


Tue only substances which enter into the composition of 
the simple stones, as far at least as analysis has discovered, are 
the six earths, silica, alumina, zirconia, glucina, lime, and 
magnesia; and the oxides of iron, manganese, nickel, chro- 
mium, and copper.t+ Seldom more than four or five of these 
substances are found combined together in the same stone: we 
shall suppose, however, in order to prevent unnecessary repe- 
titions, that they are all contained in the mineral which we 
are going to analyse. 

Let 100 or 200 grains of the stone to be analyzed, previously 
reduced to a fine powder, be mixed with three times its weight 
of pure potash and a little water, and exposed in a silver cru-’ 
cible to heat. ‘The heat should at first be applied slowly, and 
the matter should be constantly stirred, to prevent the potash 
from swelling and throwing any part out of the crucible. 
When the whole water is evaporated, the mixture should be 
kept for half an hour in a red heat. esa 

If the matter in the crucible melts completely, and appears 
as liquid as water, we may be certain that the stone which we 
are analysing consists chiefly of silica ; if it remains opaque, 
and of the consistence of paste, the other earths are most 
abundant; if it remains in the form ofa powder, alumina is 
the prevalent earth.{ If the matter in the crucible be of a 


* See Vauquelin’s Treatise on the Analysis of Stones, Ann. de Chim. 
xxx. 66. 

+ Barytes has also been discovered in one single stone, the staurolite: but 
its presence in stones is 80 uncommon, that it can scarcely be looked for. 
The method of detecting it shall be noticed afterwards. 

{ Mr. Chenevix has suggested an ingenious method of analyzing stones 
that do not fuse with potash. He put itin practice in analyzing the different 
varieties of corundum. ~This mineral is composed almost entirely of alumina, 
and is extremely hard. Potash acts upon it very feebly ; so that, in the 
common way of analysis, the process is very tedious, and the quantity of 
potash necessary very great. Mr. Chenevix substituted borax in place of 
potash, which acts upon aluminous stones very readily. He mixed 100 
grains of sapphire in powder with 250 grains of calcined borax, and exposed 
the mixture to a violent heat in a platinum crucible for two hours. The 
mass, when cold, had the appearance of a greenish-blue glass, which ad- 
hered strongly to the crucible. The whole was boiled in muriatic acid for 
some hours, by which a complete solution was obtained. The-whole of the 
earthy Matter was then precipitated by means of ammonia’ not entirely 
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dark or brownish-red colour, it contains oxide of Iron; if it be Chap. Iv. 


grass-green, manganese is present; if it is yellowish-green it 
contains chromium. 

When the crucible has been taken from the fire and wiped 
on the outside, it is to be placed in a capsule of porcelain, and 
filled with water. This water is to be renewed, from time to 
time, till all the matter is detached from the crucible. The 
water dissolves a part of the combination of the alkali with the 
silica and alumina of the stone; and if a sufficient quantity. 
were used, it would dissolve the whole of that combination, 

Muriatic acid is now to be ‘poured in till the whole of the 
matter is dissolved.* At first a flaky precipitate appears, be- 
cause the acid combines with the alkali which kept it in solu- 
tion. Then an effervescence takes place, owing to the decom- 
position of some carbonate of potash formed during the fusion. 
At the same time the flaky precipitate is redissolved ; as is also 
that part of the matter which, not having been dissolved in the 
water, had remained at the bottom of the dish in the form of 
a powder. This powder, if it consists only of silica and alu- 


mina, dissolves without effervescence; but if it contains lime, 


an effervescence takes place. 

If this solution in muriatic acid be colourless, we may con- 
clude that it contains no metallic oxide, or only a very small 
portion ; if its colour be purplish-red, it contains manganese ; 
orange red indicates the presence of iron; and golden-yellow 
the presence of chromium. 

This solution is to be poured into a capsule of porcelain, 
covered with paper, and evaporated to dryness on a sand 
bath. When the evaporation is drawing towards-its comple- 
tion, the liquor assumes the form of jelly. It must then be 
stirred constantly with a silver or porcelain rod, to facilitate 
the disengagement of the acid and water, and to prevent one 
part of the matter from being too much, and another not suf- 
ficiently dried. Without this precaution, the silica and alu- 
mina.would not be completely separated from each other. 

When the matter is reduced almost to a dry powder, a large 


saturated with carbonic acid; and the precipitate, after being well washed, 
was redissolved in muriatic acid. By this means the borax was got rid pf, 
The analysis was then conducted nearly in the manner described in the text, 
excepting only that muriate of ammonia was employed to separate the alu- 
mina from potash. Phil. Trans. 1802, p- 331. , 

* Muriatic acid does not dissolve the mass completely if the stone con- 
sists chiefly of silica, 

VOL. III. 20 


504: 


ANALYSIS OF MINERALS. 


Book Il. quantity of pure water is to be poured on it; and, after ex+ 


posure to a slight heat, the whole is to be poured on a filter. 


Separation ‘Che powder which remains upon the filter is to be washed 
of thesilica, repeatedly, till the water with which it has been washed ceases 


Alumina, 


to precipitate silver from its solutions. This powder is the 


silica which the stone that we are analysing contained. It. 


must first be dried between folds of blotting paper, then heated. 
red hot in a platinum or silver crucible, anil weighed as soon 
as cold. It ought to be a fine powder, of a shite colour, not 
adhering to ig fingers, and entirely insoluble in acids. If it 


- be coloured, it. is contaminated with some metallic oxide ; and 


shows that the evaporation to dr yness has been ear bce at 
too high a temperature. To separate this oxide, the silica 
must be boiled with an acid, and then washed and dried as 
before. The acid solution must be added to the water which 
passed through the filter, and which we shall denominate A. 
The watery solution A is to be evaporated till its quantity 
does not exceed an English pint. A solution of carbonate of 
potash is then to be poured into it till no more matter precipi- 
tates. It ought to be boiled a few moments to enable all the 


precipitate to fall to the bottom. When the whole of the pre+ — 


cipitate has collected at the bottom, the supernatant liquid is 
to be decanted off; and water being substituted in its place, 
the precipitate and water are to be thrown upon a filter, When 


the water has run off, the filter, with the precipitate upon if, 


is to be placed between the folds of blotting paper. When 
the precipitate has acquired some consistence, it is to be care- 
fully collected by an ivory knife, mixed with a solution of pure 


potash, and boiled in a porcelain capsule. If any alumina or 


glucina be present, they will be dissolved in the potash ; while 
the other substances remain untouched in the form of a pow= 
der, which we shall call B. 

Into the solution of potash as much acid must be poured as 
will not only saturate the potash, but also completely redissolve 
any precipitate which may have at first appeared. Carbonate 
of ammonia is now to be added in such quantity that the liquid 
shall taste of it. By this addition the whole of the alumina 
will be precipitated in white flakes, and the glucina will remain 
dissolved, provided the quantity of carbonate of ammonia used 
be not too small. The liquid is now to be filtered; and the 
alumina which will remain on the filter is to be washed, dried, 
heated red-hot, and then weighed. To see if it be really alu- 
mina, dissolve it in sulphuric acid, and add a sufficient quan- 
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tity of sulphate or, acetate of potash; if it be alumina, the chap.W: 
whole of it will be converted into crystals of alum. Lb ict 
Let the liquid which has passed through the filter be boiled Glucinny 
for some time; and the glucina, if it contains any, will be pre- . 
cipitated in a light powder, which may be dried and weighed. 
When pure, it is a fine, soft, very light, tasteless powder, which 
does not concrete when heated, as alumina does. ) 
The residuum B may contain lime, magnesia, and one Or rime, 
more metallic oxides.* Let it be dissolved in weak sulphuric 
acid, and the solution evaporated to dryness. Pour a small 
quantity of water on it. ‘The water will dissolve the sulphate 
of magnesia and the metallic sulphates; but the sulphate of 
lime will remain undissolved, or, if any portion dissolve, it may 
be thrown down by the addition of a little weak alcohol. Let 
' it be heated red-hot in a crucible, and weighed. The lime 
amounts to =’, or about 0°412 of the weight. : 
Let the solution containing the remaining sulphates be 
diluted with a large quantity of water; let a small excess of 
aeid be added; and then let a saturated carbonate of potash 
be poured in, The oxides of chromium, iron, and nickel will 
be precipitated, and the magnesia and oxide of manganese 
will remain dissolved. The precipitate we shall call C. 
Into the solution let a solution of hydrosulphuret of potash manganese, 
be poured, and the manganese will be precipitated in the state 
of a hydrosulphuret. Let it be calcined in contact with air, 
and weighed. The magnesia may then be precipitated by pure Megnesia, 
potash, washed, exposed to a red heat, and then weighed. 
Let the residuum C be boiled repeatedly with nitric acid, chromium, 
then mixed with pure potash; and after being heated, let the | 
liquid be decanted off. Let the precipitate, which consists of 
the oxides of iron and nickel, be washed with pure water; and 
let this water be added to the solution of the nitric acid and 
potash. ‘That solution contains the chromium converted into 
an acid. Add to this solution an excess of muriatic acid, and 
evaporate till the liquid assumes a green colour; then add a 
pure alkali: the chromium precipitates in the state of an oxide, 
and may be dried and weighed. 
Let the precipitate, consisting of the oxides of iron and tro, 
nickel, be dissolved in muriatic acid; add an excess of am- 


* If yttria be suspected, let the residuum be treated with carbonate of 
. ammonia, which will dissolve the yttria and leave the other bodies, Then 
proceed as above. 
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monia: the oxide of iron precipitates. Let it be washed, 
dried, and weighed. 

Evaporate the solution, and the oxide of nickel will also 
precipitate, or the whole may be precipitated by adding hydro- 
sulphuret of ammonia; and its weight may be ascertained in 
the same manner as the other ingredients. : 

The weight of all the ingredients obtained are now to be 


added together,. and their sum total compared with the weight 


-of the matter submitted to analysis. If the two are equal, or 
if they differ only by °03 or ‘04 parts, we may conclude that 
the analysis has been properly performed: but if the loss of 
weight be considerable, something or other has been lost. ‘The 
analysis must therefore be repeated with all possible care. If 
there is still the same loss of weight, we may conclude that the 
stone contains some substance, which has either evaporated 
by the heat, or is soluble in water. 

A fresh portion of the stone must therefore be broken into 
small pieces, and exposed in a porcelain retort to a strong 


heat. If it contains water, or any other volatile substance, it — 


will come over into the receiver; and its nature and weight 
may be ascertained. oc 

If nothing comes over into the receiver, or if what comes 
over is not equal to the weight wanting, we may conclude that 
the stone contains some ingredient which is soluble in water. 

To discover whether it contains a fixed alkali, which is very 
frequently found in simple stones, three methods of analysis 
have been followed. | 

1. The stone, reduced to an impalpable powder, is cau- 
tiously heated repeatedly with sulphuric acid, and the mass 
digested in water. This solution, properly concentrated, is 


_ set aside for some days. If crystals of alum make their appear- 


ance, we are sure that the mineral contained potash. The 
potash may be reckoned to amount to 07104 of the weight of 
these crystals. Ifno crystals appear, the solution is to be 
evaporated to dryness, and the residue exposed to a moderate 
red heat. It is then to be digested in water, and the solution 
mixed with carbonate of ammonia, and filtered. It must be 
again evaporated to dryness, the residue exposed to a heat of 
700°, and redissolved. The solution, by proper concentration, 
will yield crystals, either of sulphate of soda, or of potash, ac- 
cording to circumstances, and these are easily distinguished. 
Indeed the presence or absence of potash may be recognized 
by mixing the solution of the salt obtained, with a somewhat 
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concentrated solution of nitro-muriate of platinum. If potash chap. rv. _ 
be present, the usual yellow precipitate of muriate of platinum- 
and-potash is obtained. : 

2. The method described in the last paragraph may be con~ 
sidered as a short abstract of the plans of analysis at first pur- 
sued by Vauquelin and Kennedy, to detect and distinguish 
fixed alkalies contained in minerals. The following method, 
invented by Rose, is much easier. He fused one part of the 
mineral under examination with four parts of nitrate of barytes, 
in.a porcelain crucible. A spongy mass. was obtained, which 
was of a light blue colour, and dissolved completely in diluted 
muriatic acid. The yellow-coloured solution was mixed with 
a sufficient quantity of sulphuric acid, not only to precipitate 
the barytes, but to expel the muriatic acid, and the liquid was 
evaporated to dryness. The mass was digested in water, and 
then thrown upon a filter. The sulphate of barytes and silica 
remained behind. The solution, which was limpid, was satu- 
rated with carbonate of ammonia, and filtered a second time. 
All the earthy and metallic bodies were now separated, and 
the solution contained only the sulphates of fixed alkali-and ( 
ammonia. It was evaporated to dryness, and the salt put into” 
a porcelain crucible, and exposed to a heat sufficient to expel 
the sulphate of ammonia. The residuum was dissolved in. 
water, and crystallized. Pure fixed alkaline-sulphate was ob- 
tained. It was dissolved in water, and decomposed by means 
of acetate of barytes. The solution was filtered to separate 
the sulphate of barytes formed, and the liquid evaporated to 
dryness. ‘The salt thus obtairied was acetate of fixed alkali, 
It was reddened in a crucible. The charry residue was dis- 
solved in water, filtered, and crystallized. It was now a fixed. 
alkaline carbonate easily distinguished by its properties.* 

3. The third method has been practised by Davy. He fuses 
one part of the mineral under examination with two parts of 
boracic acid, dissolves the fused mass in diluted nitric acid, 
and concentrates the solution to separate the silica. The 
liquid is then mixed with carbonate of ammonia in excess, and 
boiled and filtered. By this means all the earthy and metallic 
ingredients are separated. ‘The liquid is then mixed with a 
sufficient quantity of nitric acid, and evaporated till the whole 
of the boracic acid separates. Nothing now remains but the. 
nitric acid, combined with the alkaline constituents of the 


* Klaproth, Beitrage, 111; 240, « 
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mineral and with ammonia. The dry saline mass is freed from 
the nitrate of ammonia by a heat of 500°; and the nitrate of 
potash or soda which remains, may easily be recognized by its 
properties.* 

_ But simple stones have been recently discovered to contain 
fluoric acid; and the methods hitherto described are not suf- 
ficient to detect and appreciate the quantity of that substance. 
The method practised by Klaproth to detect the presence of 
this acid, is to heat the mineral containing it with sulphuric 
acid in a glass retort. The corrosion of the retort, and the 
siliceous deposite made on the water contained in the receiver, 
show sufficiently the presence of fluoric acid. To detect its 
quantity the mineral is fused with potash, and the silica sepa- 
rated asusual. ‘The remaining liquid is precipitated by means 
of carbonate of potash; and the liquid, being neutralized, is 
mixed with lime water. ‘The precipitate of fluate of lime, thus 
obtained, is heated to redness. He estimates the fluoric acid 
contained in the mineral at 0°48 of this fluate of lime.+ 

In this manner may simple stones and aggregates be ana- 
lysed. As to saline stones, their analysis must vary according 
to the acid which they contain. But almost all of them may 
be decomposed by one or other of two methods ; of each of 
which I shall give an example. 


1. Analysis of Carbonate of Strontian. 


Klaproth analysed. this mineral by dissolving 100 parts of it 
in diluted muriatic acid: during the solution, 30, parts of car- 
bonic acid escaped. The solution crystallized in needles; 
and when dissolved in alcohol burnt with a purple flame. 
Therefore it contained strontian. He dissolved a grain of 
sulphate of potash in six ounces of water, and let fall into it | 
three drops of the muriatic solution. No precipitate appeared 
till next day. Therefore the solution contained no barytes; for 
if it had, a precipitate would have appeared immediately. 

He then decomposed the muriatic acid solution by mixing 
it with carbonate of potash. Carbonate of strontian precipi- 
tated. By the application of a strong heat, the carbonic acid 


- was driven off. The whole of the earth which remained was 


dissolved in water. It crystallized; and, when dried, 
weighed 694.1 


* Nicholson’s Jour. xiii. 86. + Gehlen’s Jour. iii. 595, 
{ Klaproth, Beitrage, 1.260. 
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2. Analysis of Sulphate of Strontian. 


Vauquelin analysed an impure specimen of this mineral as. ctap.1v. 
follows : 

On 200 parts of the mineral diluted nitric acid was poured. 
A violent effervescence took place, and part of the mineral was 
dissolved. The undissolved portion, after being heated red- 
hot, weighed 167. Therefore 33 parts were dissolved. 

The nitric solution was evaporated to dryness: a reddish 
substance remained, which indicated the presence of oxide of 
iron. ‘This substance was redissolved in water, and some am- 
monia mixed with it; a reddish precipitate appeared, which, 
when dried, weighed one, and was oxide of iron. The re- 
mainder of the solution was precipitated by carbonate of pot-. 
ash... The precipitate weighed, when dried, 20, and possessed 
the properties of carbonate of lime. Therefore 200 parts of 
this mineral contain 20 of carbonate of lime, 1 of oxide of iron, 
and the remainder of the 33 parts he concluded.to be water. 

The 167 parts, which were insoluble in nitric acid, were 
mixed with 500 parts of carbonate of potash and 7000 parts 
of water, and boiled for a considerable time. The solution 
was then filtered, and the residuum washed and dried. The 
liquid scarcely effervesced with acids; but with barytes it pro- 
duced a copious precipitate, totally indissoluble in muriatic 
acid. ‘Therefore it contained sulphuric acid. 

The undissolved residuum, when dried, weighed 129 parts. 

It dissolved completely in muriatic acid. The solution crys- 
tallized in needles; when dissolved in aleohol, it burnt with a 
purple flame; and, in short, had all the properties of muriate 
of strontian. ‘Therefore these 129 parts were carbonate of 
strontian. Now, 100 parts of this carbonate contain 30 of 
carbonic acid; therefore 129 contain 387. Therefore the mi- 
neral must contain in 200 parts 90°3 of strontian. 

Now, the insoluble residuum of 167 parts was pure su!phate 
of strontian ; and we have seen that it contained 90°3 of stron- 
tian. Therefore the sulphuric acid must amount to 76°7 parts.* 

. Nearly in the same manner as in the first of these examples 
may the analysis of carbonate of lime and barytes be per- 
formed ; and nearly in the same manner with the second we 
Sad analyse the sulphates of lime and barytes. 
- Phosphate of lime may be dissolved in muriatic acid, the Phosphates, 


Sualphates, 


* Jour. de Min. No. xxxvii. 1. 
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excess of acid may be driven off as far as possible, and the ~ 
lime precipitated by oxalic acid; and the oxalate, calcined in 
a platinum crucible, leaves the lime. The liquid solution may 
be evaporated to dryness, and then melted to a glass, which 
will give us the weight of the acid. 

The fluate of lime may be mixed with sulphuric acid and 
distilled. The fluoric-acid will come over in the form of gas. 
What remains in the retort, which will consist chiefly of sul- 
phate of lime, may be analysed by the rules already laid down. 

The borate of lime may be dissolved in nitric or sulphuric 
acid. ‘The solution may be evaporated to dryness, and the bo- 
racic acid separated from the residuum by means of alcohol, 
which will dissolve it without acting on any of the other ingre- 
dients. ‘The remainder of the diy. mass ney be analysed by 
the rules laid down in this section. 


SECT. II. 
OF THE ANALYSIS OF COMBUSTIBLES. 


Tue only combustibles of whose analysis it will be neces- 
sary to speak are coals and sulphur; for the method of ana- 
lysing the diamond and oil has already been given in the first 
part of this work. 

Coal is composed of charcoal, bitumen, and some portion 


of earth. ‘The earths may be detected by burning completely 


a portion of the coal to be analysed. ‘The ashes which remain 
after incineration consist of the earthy part. Their nature 
may be ascertained by the rules laid cou in Sect. I. of this 


chapter. 


For the method of ascertaining the proportion of charcoal 
and bitumen in coal, we are indebted to Mr. Kirwan. 

When nitre is heated red-hot, and charcoal is thrown on it, 
a violent detonation takes place; and if the quantity of char- 
coal be sufficient, the nitre is completely decomposed. Now, 
it requires a certain quautity of pure charcoal to decompose a 
given weight of nitre. From the experiments of Lavoisier, it. 
follows, that when the detonation is performed in close vessels 
under water, 13°21 parts of charcoal are capable of decom- 
posing 100 parts of nitre.* But when the detonation is per- 


* Mem. Scay. Etrang. xi. 626. 
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formed in an open crucible, a smaller proportion of charcoal chap.1v. 
Is necessary, because part of the nitre is decomposed by the “~~~ 
action of the surrounding air. Scheele found, that under these 
circumstances 10 parts of plumbago were sufficient to decom- 

pose 96 parts of nitre; and Mr. Kirwan found, that nearly the 

same quantity of charcoal was sufficient for producing the 

_ same effect. 

Macquer long ago observed that no volatile oily matter will 
detonate with nitre, unless it be previously reduced to a char- 
coal; and that then its effect upon nitre is precisely propor- 
tional to the charcoal which it contains. Mr, Kirwan, upon 
trying the experiment with vegetable. pitch and maltha, found 
that these substances did not detonate with nitre, but merely 
burn upon its surface with a white or yellow flame; and that 
after they were consumed, nearly the same quantity of char- 
coal was necessary to decompose the nitre which would have 
been required if no bitumen had been used at all. Now coals” 
are chiefly composed of charcoal and bitumen. It occurred 
therefore to Mr. Kirwan, that the quantity of charcoal which 
any coal contains may be ascertaired by detonating it with 
nitre: for since the bitumen of the coal has no effect in de- 
composing nitre, it is evident that the detonation and decom- 
position must be owing to the charcoal of the coal; and that 
therefore the quantity of coal necessary to decompose a given 
portion of nitre will indicate the quantity of carbon which it 
contains : and the proportion of charcoal and earth which any 
coal contains being ascertained, its bituminous part may be 
easily had from calculation. 

The crucible which he used in his experiments was large ; it 
was placed in a wind furnace at a distance from the flue, and 
the heat in every experiment was as equal as possible. The 
moment the nitre was red-hot, the coal, previously reduced to 
small pieces of the size of a pin-head, was projected in por- 
tions of one or two grains at a time, till the nitre would no 
longer detonate; and every experiment was repeated several 
times to ensure accuracy. 

He found that 480 grains of nitre required 50 grains of Kil- 
kenny coal to decompose it by this method. Therefore 10 
grains would have decomposed 96 of nitre; precisely the quan- 
tity of charcoal which would have produced the same effect, 


* Macquer’s Dictionary, 2d edit. p. 481. 
t Miner. ii. 522. | 
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Therefore Kilkenny coal is composed almost entirely of char- 
coal. 

Cannel coal, when incinerated, left a residuum of 3°12 in the 
100 parts of earthy ashes. 66°5 grains of it were required to 
decompose 480 grains of nitre; but 50 parts of charcoal would 
have been sufficient: therefore 66:5 grains of cannel coal con- 
tain 50 grains of charcoal and 2°08 of earth; the remaining 
14°42 grains must be bitumen. In this manner may the com- 
position of any other coal be ascertained. | 

As for sulphur, in order to ascertain any accidental impu- 
rities with which it may be contaminated, it ought to be boiled 
in thirty times its weight of water, afterwards in diluted muri- 
atic acid, and lastly treated with nitro-muriatic acid. These 
substances will deprive it of all its impurities without acting on 
the sulphur itself, at least if the proper cautions be attended 
to. The sulphur may then be dried and weighed. ‘The de- 
ficiency in weight will mark the quantity of the substances 
which contaminate the sulphur. The solutions may be eva- 
porated and examined, according to the rules laid down in the 
first and third sections of this chapter. . 


SECT. III. 


ANALYSIS OF ORES. 


Tur diversity of metallic ores is so great, that no general 
method of analysis can be given. Let us therefore follow the 
different orders, one by one, and point out the proper method 
of analysing each. In the rules which I propose to give I 
shall follow Bergman, to whom we are indebted for the first 
precise treatise on the analysis of ores, except when his me- 
thods have been superseded by the improvements of succeed- 
ing chemists. | 


1. Gold Ores. 


The presence of gold may easily be detected by treating the 
mineral supposed to contain it with nitro-muriatic acid, and 
dropping muriate of tin into the solution. If the solution 
contains any gold, a purple precipitate immediately appears. 

Native gold ought to be dissolved in nitro-muriatic acid ; 
silver, if any be present, falls to the bottom in the state of mu- 
riate, and may be separated by filtration, and weighed. Pour 
sulphate of iron into the solution, and the gold is precipitated 
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in the metallic state. The copper, if any be present, may be chap. 1v. 
precipitated by means of a plate of iron. The presence of —~—. 
iron may be ascertained by dropping tincture of nutgalls into 
a portion of the solution.* ; 

The auriferous pyrites may be treated with diluted nitrous 
acid, which dissolves the iron and separates the sulphur. The 
gold remains insoluble, and is found in the state of small erains. 


2. Ores of Platinum. 


The grains of crude platina, which constitute the only ore 
of this metal, are exceedingly complex in their nature, con- 
taining not fewer than eight metals, and sometimes even more. 

These are mercury, gold, platinum, iron, palladium, rhodium, 
~ osmium, and iridium. 

Lhe mercury may be driven off by heat, and the gold then 
becomes visible; and may be picked out, as it is in erains 
merely mixed with the others. The iron exists, in part at 
least, in the state of iron-sand, and may be separated by the 
magnet. ‘he portion combined with the platinum, if there 
be any such, is not so easily separated. The ore thus purified 
is mixed with diluted nitro-muriatic acid, which dissolves the 
rest of the gold. Strong nitro-muriatic acid, assisted by heat, 
dissolves the platinum, the palladium, and the rhodium. The 
black powder and the metallic scales which remain undissolved 
are composed of osmium and iridium, which may be separated 
by the alternate action of potash and muriatic acid. No good 
method is known of separating fhe portion of these metals, 
which dissolves along with the platinum without loss. The 
platinum is precipitated by a concentrated solution of muriate 
of ammonia, and the palladium by a solution of prussiate of 
mercury. The rhodium is obtained by adding common salt to 
the solution thus freed from the other metals, evaporating to 
dryness, and digesting the dry mass in alcohol. For a fuller 
account of these processes, the reader is referred to the disser- 
tations of Wollaston, Tennant, Desfontaines, F ourcroy, and 


Vauquelin.t 
3. Ores of Silver. 


The analysis of the ores of silver has been always considered 
as very important, on account of the great value of the metal 
which they contain. 

* Bergman, ii. 410. 

t See these dissertations quoted in Vol. I. of this work, under the head of 
the respective metals, : 
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1. Native silver is to be dissolved in nitricacid. The gold, | 
if the ore contains any, remains in the state of a black powder, 
and may be dried and weighed. The silver may be precipi- 
tated by common salt. One hundred parts of the precipitate 
dried denote about 75°34 parts of silver. The presence of cop- 
per may be ascertained by the greenish-blue colour of the so- 
lution, and by the deep blue colour which it assumes on adding 
ammonia. The copper may be precipitated by a plate of iron, 
or by the rules laid down hereafter. When the ore contains 
arsenic, its proportion may be estimated by weighing before 
and after fusion; for the arsenic is dissipated by heat, or the 
ore may be dissolved as before in nitric acid, which acidifies 
the arsenic. After the separation of the silver, the arsenic - 
acid may be precipitated by nitrate of lead. 

2. Alloy of silver and antimony is to be treated with nitric 
acid, which dissolves the silver and oxidizes the antimony. The 
silver is estimated as above. The oxide of antimony is to be 
dissolved in muriatic acid, and the metal thrown down by 
means of a plate of iron.* 

3. Sulphuret of silver is to be treated with diluted nitric 
acid, which dissolves the silver, leaving the greater part of the 
sulphur untouched. The residuum is to be dried, and then 
the sulphur burnt off. The loss of weight gives the sulphur. 
The residuum, if any, is undecomposed sulphuret, to be treated 
as at first. The silver is to be precipitated by common salt; 
and the other metals, if any be present, may be ascertained as 
above. Part of the sulphur ig always acidified. The acid thus 
formed may be precipitated by nitrate of barytes, 100 parts of 
the dried precipitate indicating about 14°5 of sulphur.t 

4, Antimoniated silver ore was analysed by Klaproth in the 
following manner: 100 parts of it were boiled in diluted nitric 
acid. The residuum, washed and dried, was 26. These 26 
were digested in nitro-muriatic acid. The residuum now 
weighed 13 (so that 13 had been dissolved,) 12 of which were 
sulphur, and burnt away, leaving behind them one part of si- 
lica. The nitro-muriatic solution, when diluted largely with | 
water, let fall a precipitate which weighed 13 (or 10 of pure 
antimony,) and had the properties of oxide of antimony; for 
they did not evaporate till heated to redness, but at that tem- 
perature. were dissipated in a grey smoke. _ 

The nitric solution was green. Common salt occasioned a 


* 


* Klaproth, iii. 175. + Ibid. i. 172. 
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precipitate which weighed 87°75, equivalent to 65°81 of pure 
silver. After the separation of this muriate of silver, sulphate 
of soda occasioned no precipitate. Therefore the solution con- 
tained no lead. When supersaturated with soda, a grey pre- 
cipitate fell, weighing five parts. On burning coals this pre- 
cipitate gave out an arsenical smell. It was redissolved in ni- 
tric acid; sulphuretted alkali occasioned a smutty brown pre- 
cipitate ; and prussic alkali a prussian blue, which, after torre- 
faction, was magnetic. Hence he concluded, that these five 
parts were a combination of iron and arsenic acid. 

The nitric solution which had been supersaturated with am- 
monia was blue; he therefore suspected that it contained cop- 
per. To discover this, he saturated it with sulphuric acid, and 
put into it a polished plate of iron. The quantity of copper 
was so small, that none could be collected on the iron.* 


5. Black silver ore may be analysed as No. 2, separating the Black silver 
copper, if any be present, by means of an iron plate, and esti- ° 


mating the carbonic acid that escapes when the ore is heated 
or dissolved in nitric acid. 


6. Red silver ore was analysed by Vauquelin in the follow- Rea sitver 


ing manner: one hundred parts of it were digested in 500 
parts of nitric acid previously diluted with water.- The un- 
dissolved residuum, being. washed and dried, weighed 42:06. 
Being treated with muriatic acid, it was all dissolved except 
14°66 parts which were sulphur. The muriatic solution, when 
diluted with a great quantity of water, deposited a white pow- 
der, which weighed 21-25, and was oxide of antimony. The 
nitric acid solution remained still to be examined. Muriatic 
acid occasioned a heavy precipitate, which weighed 72°66 
parts, and which was muriate of silver. Reagents showed 
that the acid retained no other substance in solution.t 


ore, 


8. Chloride of silver was analysed by Klaproth in the fol- chioride, 


lowing mariner: one hundred parts of it were mixed with 
thrice their weight of pure carbonate of potash, and melted 
together in a glass retort. The mass was dissolved in water, 
and the solution filtered. A residuum remained, which was 
dissolved in nitric acid, with the exception of a red powder; 
which, treated with nitro-muriatic acid, was dissolved, except 
a little chloride of silver, which, when reduced, yielded °5 of 


* Klaproth, Beitrage, i. 163. ; 
+ No effervescence occurred during the solution ; a proof that the metals 
existed jn the ore in the state of oxides. 
- t Jour. de Min. No. xvii. p. 2, 
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pure silver. Ammonia precipitated from the nitro-muriatic 
solution 2°5 parts of oxide of iron. The nitric solution was 
precipitated by common salt; the chloride of silver, thus ob- 


tained, yielded, when reduced, 67°25 of pure silver. 


The original aqueous solution of the alkaline mass was sa- 


‘turated with acetic acid, on which it deposited 1°75 parts of 


alumina. The solution was evaporated to dryness, and the 


dry mass treated with alcohol, which dissolved the acetate of 


potash. The residuum, amounting to 58°75 parts, was dis- 
solved in water; and being treated with muriate of barytes, 15 
parts of sulphate of barytes precipitated, indicating the pre- 


sence of about °5 of sulphuric acid, or 0°75 sulphate of pot- 


ash. The remaining 58 parts were muriate of potash, indi- 
cating about 21 parts of muriatic acid.* 


4, Ores of Mercury. 


1. Native mercury and amalgam may be dissolved in nitric 
acid. The gold, if any be present, remains in the state of 
powder, and maybe estimated by its weight. The affusion of - 
water precipitates the bismuth, if the solution happens to con- 
tain any. Common salt precipitates the silver, and also part 
of the mercury; but the latter may be redissolved by a suffi- 
cient quantity of water, or, which is far better, of chlorine, 
while the muriate of silver remains insoluble. Lastly, the 
mercury may be precipitated by sulphate of iron, and es- 
timated.+ Or the mercury may be separated at once from the 
ore by distillation. - 

2. Cinnabar may be dissolved in muriatic acid, assisted by 
the gradual addition of nitric acid. — The sulphur partly sepa- 
rates, and may be weighed, and is partly converted into sul- 
phuric acid; which may be separated by muriate of barytes, 
and the portion of sulphur ascertained. ‘The mercury may be 
separated by distilling a portion of the ore with half its weight 
of iron filings. 

3. The analysis of the hepatic ore is conducted in a similar 
way. Thesmall portion of foreign bodies are to be ascertained 
by the processes already laid down.§ 

4. Muriate of mercury may be digested in muriatic acid till 
the whole is dissolved. -Muriate of barytes precipitates the 


* Klaproth, Beitrage, 1. 132. + Bergman, il. 421. 
{ Klaproth, Gehlen’s Jour. v. 436. 
§ See the analysis by Klaproth, Gehlen’s Jour. v. 437. 
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sulphuric acid, 100 parts of which are equivalent to.186 of sul- chan tv. 
phate of mercury; and the proportion of this salt being 
known, we have that of the muriate.* Or, perhaps, a better 

mode of analysis would be to boil the salt with carbonate of 
potash till it is decomposed. 


5. Ores of Copper. 


1. Native copper sometimes contains gold, silver, or iron. Native cop- 
It may be dissolved in nitric acid; the gold remains in the ?™” 
state of a blackish or rather violet-coloured powder ; the sil- 
ver may be separated by a polished plate of copper (or it may 
be precipitated from a separate portion of the solution by com- 
mon salt); the iron may be separated by boiling the solution 
to dryness, and treating the residuum with water. By this 
process, the nitrate of iron is decomposed; the oxide of iron 
remains, while the water dissolves the nitrate of copper.+ This 
last salt may be decomposed by boiling it with potash; the 
precipitate, dried in a red heat, is black oxide of copper. One 
hundred parts of it denote 80 of metallic copper.t 

2. Sulphuret of copper may be dissolved in muriatic acid Sulphuret, 
by the help of nitric acid. Part of the sulphur separates, part  * 
is acidified. The solution being divided into two parts; from 
the one the copper may be precipitated by an iron plate, and 
from the other the iron by ammonia.§ The variegated copper 
ore, and copper pyrites, yield to the same mode of analysis, 

3. Grey ore of copper was thus analysed’ by Klaproth. Grey copper 
Heated to redness in a retort, the sulphur and arsenic were “” 
driven off. The sublimate, being weighed, was digested in 
potash, which separated the sulphur, and left the arsenic. The 
roasted ore was then’ dissolved in nitric acid, except a small 
portion which yielded to muriatic acid. These solutions being 
mixed, a little muriate of silver fell, which was separated and 
reduced. The solution, mixed with sulphuric acid, was eva- 
porated to dryness, and redissolved in water. Ammonia threw 
down the iron from this solution, and a plate of zinc the cop- 
per. || | 

4. Red copper ore has only to be dissolved in muriatic acid, Red copper 
and the copper precipitated by a plate of iron; 88 parts of ° 
the precipitated copper being equivalent to 100 of the orange 
oxide of which the ore is composed. 


* Bergman, ii. 428. +t Ibid. 11. 427. 
¢ Chenevix, Phil. Trans. 1801, p. 209. 
§ Klaproth, ii. 279. || Gehlen’s Jour. 'v. 5. 
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5. The. analysis of the oxides and carbonates of copper 
scarcely requires any remarks. The water and carbonic acid 
must be estimated by distillation in close vessels, and collecting 
the products. The ore may then be dissolved in nitric acid, 
and its copper ascertained as above. 

6. Arseniate of copper was analysed by Mr. Chenevix in 
the following manner: The ore was dissolved in diluted nitric 
acid, and nitrate of lead poured in. The solution was evapo- 
rated till a precipitate began to appear, and then mixed with 
alcohol. \Arseniate of lead precipitated. One hundred parts 
of this salt indicate 33 of arsenic acid. ‘The copper was sepa- 
rated from the nitric acid by boiling it with potash.* 


4, Ores of Iron. 


Notwithstanding the great variety of iron ores, they may be 
all, as far as analysis is concerned, arranged under three heads ; 
namely, 1. Sulphurets ; 2. Oxides; and 3. Salts. 

1. Pyrites, or sulphuretted iron, may be treated repeatedly 

with boiling nitric acid till the sulphur is acidified. Muriatic 
acid is then to be added, and the digestion continued till the 
whole be dissolved.t Muriate of barytes is then to be added 
to precipitate the sulphuric acid; 100 of the dried precipitate 
indicates 14°5 of sulphur. If the solution contains only iron, 
it may be precipitated by carbonate of soda, calcined to red- 
ness, and weighed. But if earths or manganese be present, 
we must proceed by the rules laid down in the First Section 
of this Chapter. : 
_ 9, If the oxides of iron be pure, that is to say, contain no- 
thing but iron, we have only to dissolve them in muriatic acid, 
and precipitate them as above. But it is very seldom that ores 
possess this perfect degree of purity. The iron is usually com- 
bined with manganese, alumina, silica, or with all of these to- 
gether. The analysis is to be conducted exactly according to 
the rules laid down in the First Section of this Chapter. 

3. The sparry iron ore may be analysed in the same man- 
ner, excepting only that the carbonic acid gas must be sepa- _ 
rated by distillation or solution in close vessels, and estimated 


by the rules laid down in the Fourth Chapter of the last Book.} 


* Phil. Trans. 1801, p. 195. 

+ If any siliceous gangue be mixed with the ore, of course it will remain 
undissolved, and must be analysed according to the rules laid down in the 
First Section of this Chapter. 

t See vol. iii. p. 216. 
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4. Arseniate of iron was analysed by Mr. Chenevix in the Chap. Iv. 
following manner: 100 parts of it were boiled with potash till yieméte, 


the arsenic acid was separated. Nitrate of lead was mixed 
with the solution ; 100 parts of the precipitate indicated 33 of 
arsenic acid. ‘That portion of the ore which eluded the action 
of the potash was treated with muriatic acid; the undissolved 
residuum was silica. The muriatic acid was supersaturated 
with ammonia. The iron precipitated; but the copper was 
dissolved by the ammonia.* 


7. Ores of Tin. 


For the method of analysing the ores of tin we are indebted 
solely to Klaproth ; the mode of analysis indicated by Berg- 
man does not succeed. 


1. The sulphuret of tin was thus analysed by Klaproth: 120 sutphuret, 


parts of the ore were digested with nitro-muriatic acid. F orty- 
three parts remained undissolved. Of these, 30 burnt away 
with a blue flame, and were sulphur; of the remaining 13, 
eight dissolved in nitro-muriatic acid. The undissolved five 
were heated with wax, and yielded a grain of iron attracted by 
the magnet. The rest was a mixture of alumina and silica. 
The nitro-muriatic solution was completely precipitated by 


potash, and the precipitate redissolved in muriatic acid. A. 


cylinder of tin precipitated 44 parts} of copper from this so- 
lution, and lost itself 89 parts of its weight. A cylinder of 
zinc precipitated 130 parts of tin; so that, deducting the 89 
parts of tin dissolved during the precipitation of the copper, 
41 remain for the tin contained in the ore. 


2. Tin-stone was thus analysed by the same celebrated Tin-stone, 


chemist. One hundred parts of the ore were heated to red-; 
ness, with 600 parts of the potash, in a silver crucible; and 
the mixture being treated with warm water, 11 parts remained. 
undissolved. . These’11, by a repetition of the treatment with. 
potash, were reduced to 11th. This small residuum dissolved - 
in muriatic acid... Zinc precipitated from the solution one-half. 
part of tin, and the Prussian alkali gave a blue precipitate, - 
which indicated one-fourth part of iron. - : 

The alkaline solution was saturated with muriatic acid; a» 
white precipitate appeared, but it was redissolved by adding » 


* Phil. Trans. 1801, p. 219. 
+ One part of this was found to be tin, by digesting it in nitric acid. 
¢ Observations on the Fossils of Cornwall, p. 38. English Franslation. 
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ook, more acid. The whole was precipitated by carbonate of soda. 
“\—’ The precipitate, which had a yellowish colour, was redissolved 
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im muriatic acid: and a cylinder of zinc being inserted into 
the solution, 77 of tin were obtained, indicating nearly 98 
parts of oxide of tin.* : 


8. Ores of Lead. 


1. Sulphuret of lead usually contains a little silver, and 
sometimes also antimony and zinc. It may be treated with 
diluted nitric acid, which leaves only the sulphur undissolved, 
the weight of which is to be taken, and its purity determined 
by combustion. If antimony be present, it will either remain 


in the state of a white oxide, or, if dissolved, it will be preci- 


pitated by diluting the solution with water. Muriatic acid is 
to be added, and the solution evaporated till it is reduced to 
a small portion. Muriate of lead and of silver precipitate. 
The first of these may be dissolved in boiling water, the second 
remains insoluble. Westrumb separated the muriate of silver 
by digesting the precipitate with ammonia. The liquid from 
which the muriates were separated may contain iron, zinc, 
copper. The iron may be precipitated by ammonia added in 
excess; the copper, by a plate of zinc: the zine may be pre- 
cipitated by carbonate of soda, reduced to the metallic state, 
and weighed; subtracting what had been separated from the 
plate of zinc. : 

9. Arseniated lead was thus analysed by Vauquelin: 100 
parts roasted for half an hour, and occasionally treated with a 
little tallow, lost 38 parts, which were considered as oxide of 
arsenic. ‘The residue was treated with concentrated muriatic 
acid, and boiled in it for a quarter of an hour. The liquid 
assumed a red colour, and emitted abundance of chlorine gas. 
A white needle-form salt was deposited, and some of it was 
obtained by evaporation. This salt, dissolved in water, and 
treated with sulphate of soda, yielded 25 parts of sulphate’ 
of lead, = 20'2 parts of lead. The liquor thus freed from 
lead. was treated with ammonia: The’ precipitate obtained 
weighed 39 parts. It consisted of oxide of iron mixed with 


oxide of arsenic. The production of chlorine induced Vau- 


quelin to consider the lead as in the state of peroxide.} . 
3. Carbonate of lead was thus analysed by Klaproth: 100 
grains were thrown into 200 grains of nitric acid diluted with 
* Beitrage, ii. 254. + Ann, de Chim. xhii, 86. 
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500 grains of water. It dissolved completely with efferves-  chap.iv. 
eence. The loss of weight was 16 grains. It was equivalent Gar ane 
to the carbonic acid. The solution, which was colcurless, 

was diluted’ with water, and a cylinder of zinc put into it. In 

24 hours the lead was precipitated’ in the metallic state. It 
weighed 77 grains, = 82 grains oxide. 

If muriatic acid be suspected, it may be easily detected, and’ 
its‘ weight ascertained by means of -nitrate of silver. 

4, SulpHate of lead was thus analysed by Klaproth: 100 Sulphate, 
grains of the ore, heated to redness, lost two erains, which 
were considered as water. It was then mixed with 400 grains 
of carbonate of potash, and heated to redness in a platinum 
crucible. The reddish yellow mass.thus obtained was digested 
in water, and the whole thrown on a filter. The oxide of 
lead thus obtained weighed 72 grains. It was dissolved in 
diluted nitric acid. One grain of oxide of iron remained 
behind. Into the solution a cylinder of zine’ was put. The 
lead thrown down weighed 661 grains. The alkaline solution 
was supersaturated with nitric acid, and then treated with 
acetate of barytes. ‘The sulphate of barytes obtained weighed 
73 grains, which Klaproth considers as indicating 25 grains 
of sulphuric acid.* 

5. Phosphate of lead was thus analysed by Klaproth: 100 phosphate, 
grains were dissolved in diluted nitric acid. Nitrate of silver 
dropped into the solution formed a precipitate weighing 11 
grains, = 1°7 grain muriatic acid. The solution was mixed 
with sulphuric acid. The sulphate of lead precipitated 
weighed 106 grains, = 78*4 oxide of lead. The solution was 
freed from sulphuric acid by means of nitrate of barytes, and 
then almost neutralized with ammonia. Acetate of lead was 
_ then dropped in. The phosphate of lead which precipitated 
weighed 82 grains, = 18°37 phosphoric acid. The solution | 
was now mixed with muriatic acid, evaporated to dryness, | 
and the dry mass washed in alcohol. The: alcohol, when 
evaporated, left a small residue, which dissolved in water, and | 
formed Prussian blue with prussiate of potash. It contained 
about +; grain of oxide of iron.} , ees 

6. Molybdate of lead was thus analysed by Mr. Hatchett. Molybdate; 
The ore was boiled repeatedly with sulphuric acid till the acid 
refused to dissolve any more. The solution contained thé 
molybdie' acid. The undissolved powder (sulphate of lead) 


* Beitrage, iii. 163. | + Ibid. 151. 
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was boiled for an hour with carbonate of soda, and then 
washed. Nitric acid now dissolved it, except a little silica. 
The lead was precipitated from this solution by sulphuric 
acid ; after which ammonia separated a little oxide of iron. 
The sulphuric acid solution was diluted with 16 parts of 
water, and saturated with ammonia; a little oxide of iron 
gradually precipitated. The solution was now evaporated to 
dryness, and the mass strongly heated to separate the sulphate 
of ammonia. ‘The residuum repeatedly treated with nitric 
acid was converted into yellow-molybdic acid. 


9. Ores of Nickel. 


No exact method of analysing the ores of nickel has as yet 
been published. 

1. Copper nickel may be dissolved in nitric acid, by which 
the greatest part of the sulphur will be separated. The 
arsenic may be afterwards precipitated by the affusion of water. 
A plate of iron will expel the copper, if any be present. Pre- 
cipitate by potash added: in excess, and boil the precipitate, 
which will separate the arsenic and sulphur completely. Dis- 


solve the precipitate (previously exposed moist for some time 


to the air) in acetic acid, and add an excess of ammonia. The 


iron is precipitated; but the cobalt and nickel remain in solu- 


tion. LEvaporate, and the cobalt is deposited ; then by con- 
tinuing the evaporation to dryness the nickel is obtained. 


10. Ores of Zinc. 


1. Blende may be treated with diluted nitric acid, which 
will separate the sulphur, the siliceous gangue, &c.., The 
purity of the sulphur is to be ascertained by combustion, and | 
the residuum analysed in the manner formerly described. 
Precipitate the nitric solution by soda, redissolve in muriatic 
acid, precipitate the copper, (if any be present) by a plate of 
iron; separate the iron by adding an excess of ammonia.” . 
The zinc now only remains in the solution, which may be 
obtained by evaporating to dryness, redissolving in muriatic _ 
acid, and precipitating by soda. 

2. Calamine may be digested in nitric acid, noting the loss _ 
of weight for carbonic acid, and the insoluble residuum boiled | 
with. muriatic acid repeatedly; what remains after dilution . 
with boiling water is silica. The nitric solution contains zinc, | 


* Boil this precipitate in potash, to separate the alumina. 
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and probably also iron and alumina; evaporate to dryness, Chap. rv. 
redissolve, and add an excess of ammonia. The iron and ~ : 
alumina either remain undissolved or are precipitated, and 

they may be separated by potash. The zinc may be precipi- 

tated by an acid, or by evaporation to dryness. The muriatic 
solution probably contains iron and alumina, which may be 
precipitated by the rules already laid down. 


11. Ores of Antimony. 


1. Native antimony was thus analysed by Klaproth: 100 native antic. 
grains were digested in nitric acid till the whole was converted ™™y: 
into a white powder. When the acid emitted no longer any 
nitrous gas, the mixture was diluted with water and thrown 
upon a filter. The solution was then treated with nitrate of 
silver. The precipitate yielded by reduction one grain of 
silver. The prussiate of potash threw down from the residuum 
solution a precipitate which contained 4th grain of iron. The 
white oxide formed by the nitric acid was digested in muriatic 
acid; the whole dissolved and formed a transparent solution. 

It was diluted with six times its weight of water, and the pre- 
cipitate redissolved in muriatic acid, and a cylinder of zinc put 
into it. . The antimony obtained weighed 98 grains.* 

2. Sulphuret of antimony is to be treated with nitro-muri- Sulphuret, 
atic acid. ‘The sulphur and the muriate of silver (if any silver 
be present) will remain. Water precipitates the antimony; 
sulphuric acid, the lead; and ammonia, the iron. 

3. Klaproth analysed the red ore of antimony as follows: nea ore of 

100 grains were digested in muriatic acid till the whole dis- ™timory, 
solved, except 14 grains of sulphur. A little sulphuret. of 
antimony rose with the sulphuretted hydrogen gas exhaled, 
and. was deposited in the beak of the retort. The solution 
was diluted with water. The whole precipitated in the state 
of a white powder; for potash threw nothing from the liquid. 
The powder was redissolved in muriatic acid, an excess added, 
and the solution diluted. A plate of iron threw down 674 
grains of antimony. The ore then contained 78-3 grains of 
oxide of antimony. One hundred grains of the ore yielded 
by solution in muriatic acid 37 cubic inches of sulphuretted 
hydrogen gas. From this Klaproth concluded that it con- 
tained 20 grains of sulphur.+ 


* Klaproth, iii. 171. 
f Beitrage, iii. 179. 
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12. Ores of Bismuth. 


Native bismuth may be treated with nitric acid. Repeated 
concentrations and affusions of water precipitate the bismuth, 
and perhaps the arsenic; but this last may be re-dissolved in 
boiling water. ‘The cobalt remains, and may be examined by 
the rules to be hereafter laid down. ‘The same analysis suc- 
ceeds with the other ores of bismuth. The sulphur when 
present remains undissolved. 

I shall give, as an example of these ores, Klaproth’s analysis 
of a sulphuret of bismuth. Fifty grains of the ore were di- 
gested in nitric acid. The whole was dissolved except QL 
erains of sulphur. ‘The solution being diluted with water, a, 
white powder precipitated. ‘The filtered solution was treated 
with common salt: at first it produced no change, but by and 
bye the whole became milky. ‘The precipitate consisted, like 
the last, of oxide of bismuth. ‘The solution continuing clear 
for some time, indicated that no silver was present. The white 
precipitate was not altered by exposure to the light; an addi- 
tional proof that no silver was present.* 


13. Ores of Tellurium. 


Klaproth dissolved the white gold ore of Fatzbay in nitro- 
muriatic acid, and added potash in excess to the solution. A 
brown precipitate remained undissolved, which was a mixture 
of gold and iron. It was re-dissolved in nitro-muriatic acid, 
the gold first precipitated by nitrate of mercury, and then the 
iron by potash. The potash in the first solution being satura- 
ted with muriatic acid, the oxide of tellurium precipitated.+ 

The other ores may be analysed in the same manner; only 
the precipitate occasioned by the potash must be treated 


according to the metals of which it consists. The rules have. 


been already laid down. 
14. Ores of Arsenic. 


1. Native arsenic may be treated with nitro-muriatic acid. 
The silver and gold remain; the first in the state of a muriate; 
the second may be dissolved by means of nitro-muriatic acid, 
and precipitated by sulphate of iron, The arsenic may be 
precipitated by concentrating the nitric solution, and then 


* Beitrage, 1. 255. 
+ Crell’s Annals,,1798, 1. 95. 
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diluting with water. The iron my then be precipitated by Chap. tv. 
ammonia. herr eenaes 
2. The sulphuretted ores of arsenic may likewise be treated 
with diluted nitre-muriatic acid. The sulphur remains un- 
dissolved; the arsenic may be precipitated by concentration 
and the affusion of water; the iron by ammonia. 
3. Oxide of arsenic may be dissolved in 16 parts of water. oxige; 
The solution displays acid properties, and nitrate of silver and 
of mercury occasion precipitates in it. 


15. Ores of Cobalt. 


1. White cobalt ore was thus analysed by Tassaert. To white cos 
ascertain the proportion of arsenic, he treated the ore with belt ore, 
diluted nitric acid, and obtained a complete solution. Crys- 
tals of white oxide of arsenic were deposited, and by repeated 
evaporations he separated the whole of the arsenic, and ascer- 
tained its weight. He then boiled a new portion of the ore 
with four times its weight of nitric acid, and thus acidified the 
arsenic, and obtained a solution. This solution was treated 
with potash, which retained the arsenic acid, and separated 
the other bodies. <A precipitate of arseniate of cobalt, which 
had fallen when the nitric solution was diluted with water, was 
treated with potash for the same reason. The residuum, to- 
gether with the precipitate occasioned by the potash, was dis- 
solved in nitric acid, and ammonia added in excess. Part was 
retained in solution by the ammonia; but part was precipi- 
tated. ‘The precipitate was dissolved in acetic acid, and the 
solution repeatedly evaporated to dryness. By this process 
the oxide of iron gradually separated in the form of a red 
powder. ‘The dissolved part was acetate of cobalt. It was 
decomposed by the addition of ammonia in excess, which re- 
dissolved the cobalt. By these processes the arsenic and iron 
were separated; the cobalt was retained by the ammonia, and 
was obtained by evaporation. ‘To ascertain the proportion of 
sulphur in the ore, a new portion was boiled with nitric acid. 
On cooling, crystals of white oxide of arsenic were deposited. 
These being separated, nitrate of barytes was added to the 
solution; 100 parts of the dried precipitate indicated 14°5 of 
sulphur.* 

The other ores of cobalt may be analysed nearly in the 


same way. 


* Ann. de Chim. xxxviii. 92. 
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16. Ores of Manganese. 


1. Barytated manganese was treated by Vauquelin with mu- 
riatic acid; chlorine gas passed over, and the whole was 


mangane#, dissolved except a little charcoal and silica. The solution 


Grey ore of 
mduganore, 


‘Wolfram, 


when evaporated yielded crystals of muriate of barytes. These 
were separated; and the liquid, evaporated to dryness, yielded 
a yellow mass soluble in alcohol, and tinging its flame with 
yellow brilliant sparks. ‘The proportion of barytes was ascer- 
tained by precipitating it in the state of a sulphate; the man- 
ganese, by precipitating it by carbonate of potash.* 

2. The grey ore of manganese was treated by the same che- 
mist with muriatic acid; some silica remained undissolved. 
Carbonate of potash was added to the solution. ‘The preci- 
pitate was at first white, but became black when exposed to 
the air. It was treated with nitric acid, which dissolved every 
thing but the manganese and iron (if any had been present.) 
The nitric solution, when mixed with carbonate of potash, de- 
posited only carbonate of lime. The black residuum was 
mixed with sugar, and treated with nitric acid. ‘The solution 
was complete; therefore no iron was present. mae 

The same processes will succeed with the other ores of man- 
ganese. When iron is present, it may be separated either as 
above, or by the rules laid down in the first Section of this 
Chapter; or we may dissolve the mixture in acetic acid, and 
evaporate to dryness two or three times repeatedly. The oxide 
of iron is left behind, while the acetate Et manganese continues 
soluble in water. 


; - 17. Ores of Tungsten. 
1. Wolfram was analysed by the Elhuyarts, and by Vauquelin 


and Hecht, nearly as follows: the ore was boiled with muriatic 
acid, and then digested with ammonia alternately till the whole 
was dissolved. The ammoniacal -solutions being evaporated 
to dryness and calcined, left the yellow oxide of tungsten in a 
state of purity. The muriatic solutions were mixed with sul-' 
phuric acid, evaporated to dryness, and the residuum redis- 
solved in water. A little silica remained. Carbonate of pot- 
ash precipitated a brown powder from this solution.” This 
powder was tr eated with boiling nitric acid repeatedly, till the 
iron which it contained was oxidized to a maximum. It was 
then digested in acetic acid, which dissolved the manganese, — 


* Jour. de Min. No. xix, 40. 
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and left the iron. Finally, the manganese was precipitated by chap.1v. 
an alkali. 7 | Sire cad 
Tungstate of lime was thus analyzed by Klaproth. One Tungstate of 
hundred grains of it were digested in nitric acid. The yellow '"*~ 
coloured residue was washed and digested in ammonia. The 
residue was digested in nitric acid and ammonia alternately till 
a complete solution was obtained. Two grains of silica re- 
mained behind. ‘The nitric acid solution was mixed with am- 
monia, but no precipitate appeared. It was then mixed with 
a boiling solution of carbonate of soda. The precipitate dried 
weighed 33 grains. It was carbonate of lime; but when re- 
dissolved in nitric acid, it left one grain of silica. Thirty-two 
grains of carbonate are equivalent to 17°6 of lime. The am- 
moniacal solution, by evaporation, yielded small needleform 
crystals. When heated to redness in a platinum crucible, they 
left 772 grains of oxide of tungsten.* 


18. Ores of Molybdenum. 


-Molybdena may be treated with nitric acid, successively Molybdena, 
boiled upon it till it is converted into a white powder. This 
powder, washed and dried, is molybdic acid. The liquid ob- 
tained by washing the acid, on the addition of potash, deposits 
some more molybdic acid, This being separated, muriate of 
barytes is to bedropped into it as long as any precipitate appears. 

One hundred parts of this precipitate indicate 14°5 of sulphur. 


19. Ores of Uranium. 


1. Pechblende, or the black ore of uranium, was dissolved Pechblende, 
by Klaproth in nitric acid. The undissolved part is a mixture 
of silica and sulphur. By evaporating the solution, nitrate of 
lead was precipitated ; then nitrated uranium in crystals. The 
solution being now evaporated to dryness, and treated again 
with nitric acid, left the iron in the state of red oxide. 

2. Uranitic ochre may be treated with nitric acid, which dis- Uranitie 
solves the uranium, and leaves the iron. The purity of the °™*: 
iron may be tried by the rules already laid down. 

3. Green mica was dissolved by Klaproth in nitric acid, and ereen mica, 
ammonia added in excess to the solution. The oxide of ura- 
nium was precipitated; that of copper retained. 


20. Ores of Titanium. 
_ The ores of titanium, reduced as usual to a fine powder, are 


* Beitrage, iii. 45, 
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Book 1. to be fused with potash or its carbonate. The melted mass is 
then to be dissolved in hot water. A white precipitate gra- 
dually separates, which is the white oxide of titanium. This 
is all that is necessary to analyse the oxides; but when iron 

: and silica are present, the following method of Chenevix may 
Menacha- be adopted: saturate the alkaline solution with muriatic acid. 
rad White oxide of titanium precipitates. Separate the precipi- 

tate, and evaporate the solution to dryness. Redissolve the 
residuum in water. The silica remains behind.  Precipitate 
the solution by an alkali; add the precipitate to the white oxide 
obtained at first, and dissolve the whole in sulphuric acid. 
From this solution phosphoric acid precipitates the titanium, 
but leaves the iron.* “a 

The species which contains lime, and no iron, is to be fused 
with potash, dissolved in muriatic acid, and the silica separated 
in the usual way. After this the titanium is first to. be sepa- 
rated from the muriatic solution by ammonia; and afterwards 
the lime by an alkaline carbonate. 


21. Ores of Chromium. 


Chromateof 1. Vauquelin analyzed the chromate of lead in the following 
yi manner: when boiled with a sufficient quantity of carbonate of 
potash, a lively effervescence takes place; the acid combines 
with the potash; and carbonate of lead is formed, and remains 
undissolved. It may be dissolved in nitric acid, and its quan- 
tity ascertained by precipitation with sulphuric acid. Or the 
chromate may be treated with muriatic acid; muriate of lead 
precipitates, and chromic acid remains in solution. ‘This pro- 
| cess must be repeated till the whole of the ore is decomposed, 
There remains in solution chromic acid mixed with a little 
muriatic, which may be separated by means of oxide of silver. 
| Chromateor 2 Passaert analyzed the chromate of iron as‘follows: it was 
aie melted with eight times its weight of potash ina crucible. 
The resulting mass dissolved in water except a brown powder. 
This residuum was treated with muriatic acid, which dissolved 
a part of it. The residuum was treated, as at first, with potash = 
and muriatic acid, till the whole was dissolved. The alkaline 
solution contained the chromic acid; the muriatic solution the 
iron, still mixed with a little chromium. It was precipitated 
by potash, and the precipitate boiled with that alkali, to sepa- 
rate the whole of the chromic acid. What remained was pure 


* WNicholson’s Jour. v. 132. 
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oxide of iron. ‘The chromic solutions were saturated with Chap.1Vv. 
nitric acid, and mixed with nitrate of lead. The resulting pre- 
cipitate indicated the proportion of chromic acid ; for 100 parts 

of chromate of lead indicate about 35 of chromic acid. 


se SECT. IV. 
METHOD OF OBTAINING PURE METALS. 


The method of analyzing the different ores with precision 
being ascertained, we have it in our power to obtain the metals 
in a state of purity, which is often necessary for chemical pur- 
poses. In this Section I shall give a short view of the processes 
commonly employed for that purpose. 

1. Gold. To obtain pure gold, we have only to dissolve the 
gold of commerce in nitro-muriatic acid, and precipitate the 
metal by dropping in a solution of sulphate of iron, the pow- 
der which precipitates, after being well washed and dried, is 
pure gold. 

2. Platinum. Platinum can scarcely be obtained perfectly 
pure in the malleable state, at least in any considerable quan~ 
tity; because a sufficient heat for melting it cannot be obtained. 
But its powder may be procured pure from the muriate of pla- 
tinum and ammonia, prepared by the rules laid down in the 
last section. ‘This salt is to be decomposed by heat, and the 
residuum, if necessary, may be redissolved in nitro-muriatic 
acid, and precipitated again. 

3. Stlver. Dissolve the silver of commerce in nitric acid, 
and precipitate with a diluted solution of sulphate of iron. 
The precipitate is pure silver. Or precipitate with common 
salt; form the precipitate into a paste with soda; put it into 
a crucible lined with soda, and fuse it with a brisk heat. This 
process gives a button of pure silver. ¥ 

4, Mercury may be obtained pure by distilling a mixture of 
two parts cinnabar and one part iron-filings in an iron retort. 
The mercury comes over, and the sulphuret of iron remains 
behind; or the oxymuriate of mercury may be decomposed by 
ammonia, and the precipitate heated either by itself or mixed 
with oil. | 

5. Copper may be dissolved in muriatic acid, and the copper 
precipitated by a polished plate: of iron; or the black oxide of 
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Book f.. copper, obtained by decomposing cuprated ammonia, may be 


melted with its own weight of pounded glass and pitch. 

6. Iron can scarcely be obtained perfectly free from carbon. 
The processes described in a former part of this work furnish 
it as pure as it can be procured. 

7. Tin may be obtained pure by solution in strong nitric 
acid; the peroxide of tin is formed, which is insoluble. Let 
it be digested first with muriatic acid, and afterwards with aqua 
regia. Min the oxide thus purified with its weight of pitch 
hud a little borax, and melt it in a crucible. 

8. Lead may be obtained pure from the carbonate by solu- 
tion in diluted nitric acid, and precipitation by a cylinder of 
zinc; from the sulphuret, by solution in nitric acid, mixing 
the solution with muriatic acid, and crystallizing. The crys- 
tals of muriate of lead are to be dissolved in boiling water, and 
then evaporated to dryness. The mass is to be melted ina 
crucible with 21 times its weight of black flux. 

9. Chemists have hitherto failed in their attempts to obtain 
nickel in a state of absolute purity. The great difficulty is to 
separate it from cobalt; upon which all reagents have nearly 
the same action. The following ingenious method has been 
proposed by Mr. Phillips: dissolve the nickel of commerce in 
nitric acid to saturation. ‘Throw down the arsenic acid by 
nitrate of lead. Then, after filtration, add an excess of nitric 
acid, and introduce an iron rod into the solution to throw 
down the copper. After this precipitate the whole by carbo- 
nate of potash, and digest the precipitate in liquid ammonia. 
The cobalt and nickel are taken up; the iron and lead 
remain. Dilute the solution with water; add an excess of 
ammonia; then pour potash into the soletien: The cobalt 
remains in solution, but the nickel precipitates in the state of 
a pure oxide, and may be reduced by exposure to a strong 
heat.* The process of Richter is complicated, and cannot 
easily be reduced to a formula. 

I conceive that nickel in a state of sufficient purity may be 
procured by the process which I have described in n volume i Te 
p. 404% of this work. 

10. Zinc may be dissolved in sulphuric acid, and a plate of 
zinc allowed to remain for a considerable time in the solution. 
It is then to be filtered, and the zinc to be precipitated with 
carbonate of soda. The precipitate, edulcorated and dried, is 


* Phil. Mag. xvi, 312. 
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_ to be mixed with half its weight of pure charcoal, and distilled Chap, Iv, 


in an earthenware retort. The zinc is found pure in the neck 
of the retort. | 

11. Antimony may be dissolved in nitro-muriatic acid, and 
precipitated by the affusion of water. The precipitate is to be 
mixed with twice its weight of tartar, and fused in a crucible. 
A button of pure antimony is obtained. _ | 

12. Bismuth, if impure, may be dissolved in nitric acid, and 
precipitated by water. The edulcorated precipitate, formed 
into a paste with oil, and rapidly fused with black flux, gives a 
button of pure bismuth. 

13. Tellurium was obtained pure by Klaproth, by forming 
its oxide into a paste with oil, and heating it to redness in a 
retort. The metal was rapidly revived. | 

14. .drsenic, in the state of white oxide, may be mixed with 
black flux and distilled. 

15. Cobalt may be obtained pure, in all likelihood, by fol- 
lowing the process proposed by Philips for the purification of 
nickel. The following is a much cheaper process recom- 
mended by 'Trommsdorf: mix a pound of the best smalt with 
four ounces of nitre and two ounces of charcoal powder, and 
throw the mixture at intervals into a red hot crucible. This 
process is to be repeated three times. The mixture is then 
to be kept in a strong heat for an hour, stirred well, then 
mixed with four ounces of black flux, and kept in the strong 
heat of a forge for an hour longer. The cobalt, reduced by 
this treatment, is stillimpure. It is to be mixed again with 
thrice its weight of nitre, and deflagrated in a red hot cru- 
cible by small portions at a time. By this process the iron 
is peroxidized, and the arsenic acidified. 'The mass is to be 
well washed, and the oxide of cobalt separated by filtration. 
This oxide is to be dissolved in nitric acid, and evaporated to 
dryness. A fresh portion of acid is to be added, and the mass 
exposed to a moderate heat. Dilute with water, and filter to 
separate the remains of the iron. Precipitate by pure potash, 
and reduce the oxide.* 

16. Manganese. Digest the black oxide of manganese re- 
peatedly in nitric acid; then mix it with sugar, and dissolve 
it in nitric acid. Filter the solution, precipitate by an alka- 
line carbonate, form the white carbonate thus obtajned into a 
paste with oil, and put it into a crucible well lined with char- 


* Jour. de Chim. iv. 75. 
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Book ut. Coal. - Expose the. crucible for an hour to’the strongest heat 
Seve of.a forge. 


17. Tungsten was obtained by Elhuyart by heating the ‘de 
low oxide violently in a crucible lined with charcoal; but this 
process has not succeeded with other chemists. 

18, Molybdenum may be obtained by forming molybdie acid 
into a paste with oil, and heating it violently in a crucible 
lined with charcoal. * 

19. Uranium is procured. by forming. the yellow oxide of 
that metal into:a paste with. oil,. dieciin: it in a moderate heat, 
putting it into a crucible lined with charcoal, with a little 
lamp-black strewed over it.. After luting on the cover, it.is to 
be heated, at first gently, and then violently, for three quar= 
ters of an hour. 

20. Titanium, in avery small proportion indeed, was ob- 
tained in the metallic state by mixing together 100 parts of the 
red oxide of the metal, 50 parts of borax, and five parts of 
charcoal, and forming the mixture into a paste with oil. This: 
paste was put into a crucible lined with charcoal, and exposed: 
for an hour and a half to the violent heat of a forge.* 

21. Chromium was obtained. by Vauquelin in the metallic: 
state, by putting a portion of chromic acid into a charcoal | 
crucible, inclosed in a common crucible lined with charcoal; 
and exposing it for an hour to the violent heat of a forge. 

22. Cerium is easily separated from the other substances’ 
with which it is combined by means of the oxalate of ammo- 
nia. And by exposing the oxalate of cerium to a‘ red heat the 
oxide of cerium is obtained. We are not in possession of any’ 
method of procuring cerium in the metallic state. 

23. For tantalum I refer the reader to what I said on the 
subject when treating of that metal, vol. i. 


% A heat of 166° W.. See. Vauquelin and Hecht, Jour, de Min. xy. 20. 
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